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Summary 
Based on the review of maritime trade evolution and ports development in Asia, 
this thesis presents a brief discussion on the current and future trends, challenges and 
opportunities facing the Asia maritime trade industry. A goal programming model is 
proposed to optimize intermodal freight transport with multiple and conflicting 
objective functions such as minimizing transportation cost, transit time and transit time 
variability, as well as ensuring flow continuity and transit nodes compatibility 
constraints. To model the intermodal freight transport from China to Indian Ocean, an 
intermodal transport network comprising two important Chinese origins (Shanghai and 
Shenzhen) and four Indian destinations (Mumbai, New Delhi, Calcutta and 
Visakhapatnam) is constructed. Using transportation time and cost obtained from 
comprehensive industry sources, the research analyses competitive routes that employ a 
variety of transport modes, such as rail, road, ocean vessel, airplane and inland 
waterway. Prior to the application of the data, an estimation of the shipping cost and 
time is proposed to insure the integrity of the freight rates of a 40-foot container base on 
vessels’ charter rate, crew, fuel, insurance, handling and service cost. 
The thesis further investigates several non-dominated transportation cases with 
sensitivity analysis and robustness tests. In particular, analysis considers the 
competitiveness of alternative competing routes under varying conditions from the 
perspectives of the users, logistics providers and policy makers. These routes also 
include possible future developments that may alter the current intermodal 
transportation pattern and thus affecting the current competitive advantages enjoyed by 
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certain existing routes. The two virtual routes considered here are a canal crossing south 
Thailand and a rail directly linking China to India. 
Through this research, a simple and practical goal programming tool that operates 
in spreadsheet is developed to analyze routing problems. Results of this research 
provide a useful reference on route decisions for practitioners in the commercial sector. 
Particularly, for government and policy makers, the competitiveness analysis will 
provide suggestive recommendations for future developments as it sheds light on how 
nations can possibly maintain or improve the competitiveness of routes that pass 
through their nations.   
In a nutshell, analyses conducted under different scenarios have shown that 
transportation distance is not a crucial element in reducing total cost. Conversely, transit 
time is crucial, for inventory and insurance costs are highly significant factors for cost 
control. Several routes from China to Indian Ocean are potential competitors to one 
another, as they offer competitive alternatives to the current best option should there be 
improvement in travelling speed and reliability. The intermodal routes through 
Myanmar seem to be most viable for cargoes from the central part of China to east coast 
of India and north inland part of India. Meanwhile, ocean route via Singapore is 
competitive for cargoes from southern China to west coast of India or north inland part 
of India. In terms of future development, a canal linking the east and west coast of 
southern Thailand presents the most significant threats to Singapore as it offers great 
potential advantages for intermodal transport from Indian Ocean to the Far East. Some 
future research opportunities on container intermodal transportation are also 
summarized. 
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Chapter 1 Introduction* 
1.1 Background  
The Asian economy has experienced dramatic growth and development over the 
last 30 years.  Table 1.1 shows the real GDP growth in major economies from 2002 to 
2008. From the Table, China and India are seen to be the two new active economic 
drivers in Northeast and South Asia, with an average GDP growth rate of 10.5% and 
8.4% respectively between 2006 and 2008. China’s export and import value with India 
reached USD24.02 and 14.63 billion, increasing by 64.7% and 42.3% respectively in 
2007 (CBCB 2007). These figures make China the second largest trade partner of India, 
and India the tenth largest partner of China. The major commodities China exports to 
India include mechanical and electrical products, chemical industry products, textile, 
plastics and rubber products, ceramics and glasses products. Meanwhile, China imports 
irons, chromium, precious stones, noble metal, seed oil and textile from India.  
As a strong member of WTO, APEC, East and Southeast Asia, China expanded its 
economy and trade to the world. China supplies 30.0% of global wearing apparel, 
17.8% of other manufactured goods, 13.4% of textiles and 8.7% of electronics. 39% of 
China’s export is to East and Southeast Asia, 30% to North American Free Trade 
Agreement (NAFTA), and 22% to European (McDonald et al. 2008). Particularly, the 
China to Indian Ocean line, which originated since the second century BC, is a crucial 
line for Chinese goods to enter European market. Nearly 30 liner companies transport 
Chinese goods to the Indian Ocean via Malacca Straits. 
                                                 
* The paper “Analysis of intermodal freight from China to Indian Ocean: a goal programming approach” 
has been accepted by Journal of Transport Geography 
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Table 1.1 Real GDP growths in major economies (% change previous period) 
 2002 2003 2004 2005 2006 2007 2008 
Global Economy 3.0 4.1 5.3 4.7 5.2 4.9 1.7 
Industrial World 1.3 1.9 3.0 2.4 3.0 2.5 0.3 
USA 1.6 2.7 3.9 3.2 3.3 2.2 0.4 
Europe 1.1 1.1 2.1 1.7 2.9 2.7 -0.4 
 France 1.3 1.1 2.3 1.7 2.2 1.9 0.4 
 Germany 0.2 0.0 1.2 0.9 2.8 2.6 1.3 
 UK 2.0 2.5 3.3 1.8 2.8 2.4 0.7 
Japan -0.3 1.8 2.7 1.9 2.2 2.8 -0.7 
Asia ex Japan 6.2 7.0 7.9 7.9 8.6 8.2 6.3 
 China 8.3 10.0 10.1 10.4 11.1 11.3 9.0 
 India 4.7 7.4 7.0 8.7 9.6 8.2 6.1 
 Korea 7.0 3.1 4.7 4.2 5.0 4.3 2.2 
Latin America -0.2 2.1 6.1 4.5 5.3 5.1 4.4 
Source: World Bank, http://data.worldbank.org/indicator 
 
Not surprisingly, driven by the growth of economy and commerce, strong demand 
for maritime transport on China-Indian Ocean lane promotes the container throughput 
in Asia’s ports. Table 1.2 summarized the throughput of top 20 container terminals from 
2005 to 2007. Together, these top 20 world ports accounted for around 48% of the 
world container port traffic. It is noteworthy that Asian ports make up 13 of the top 20 
world ports, and occupy the leading 5 positions.  
Among the Asian ports, Chinese ports alone accounted for 139.1 million TEUs in 
2007, representing 28.4% of world container port throughput (UNCTAD 2008). As the 
world’s largest container generator, China will transport more volume and value of 
freight through China-Indian Ocean lane. In 2007, the Asia-Europe Route overtook the 
Transpacific route as the largest containerized trading lane with a total of 27.7 million 
TEUs (UNCTAD 2008). Herein, Asia-Europe direction is the leading flow with 17.7 
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million TEUs, and China-Indian Ocean is a crucial part route of Asia-Europe Route (see 
Table 1.3 and Figure 1.1).  
Table 1.2 Container terminals throughput (TEUs and percentage change) 
Port name 2005 2006 2007 
Percentage 
change 
2006-2005 
Percentage 
change 
2007-2006
Singapore 23,192,200 24,792,400 27,932,000 6.90 12.66 
Shanghai 18,084,000 21,710,000 26,150,000 20.05 20.45 
Hong Kong 22,601,630 23,538,580 23,881,000 4.15 1.45 
Shenzhen 16,197,173 18,468,900 21,099,000 14.03 14.24 
Busan 11,843,151 12,030,000 13,270,000 1.58 10.31 
Rotterdam 9,250,985 9,654,508 10,790,604 4.36 11.77 
Dubai 7,619,219 8,923,456 10,653,026 17.12 19.38 
Kaohsiung 9,471,056 9,774,670 10,256,829 3.21 4.93 
Hamburg 8,087,545 8,861,545 9,900,000 9.57 11.72 
Qingdao 6,307,000 7,702,000 9,462,000 22.12 22.85 
Ningbo 5,208,000 7,068,000 9,360,000 35.71 32.43 
Guangzhou 4,685,000 6,600,000 9,200,000 40.88 39.39 
Los Angeles 7,484,624 8,469,853 8,355,039 13.16 -1.36 
Antwerp 6,482,061 7,018,899 8,176,614 8.28 16.49 
Long Beach 6,709,818 7,290,365 7,312,465 8.65 0.30 
Port Klang 5,715,855 6,326,294 7,120,000 10.68 12.55 
Tianjin 4,801,000 5,950,000 7,103,000 23.93 19.38 
Tanjung 
Pelepas 4,177,121 4,770,000 5,500,000 14.19 15.30 
New York 4,792,922 5,092,806 5,400,000 6.26 6.03 
Bremerhaven 3,735,574 4,428,203 4,892,239 18.54 10.48 
Total top 20 186,445,934 208,470,488 235,813,816 11.81 13.12 
Source: UNCTAD secretariat Containerisation International 
Table 1.3 Cargo flow in 2007 and the percentage change over previous year 
Transpacific Europe-Asia Transatlantic 
 Asia-
USA 
USA-
Asia 
Asia-
Euro 
Euro-
Asia 
USA-
Euro 
Euro-
USA 
Cargo Flow 
Million 
TEUs 
15.4 4.9 17.7 10.0 2.7 4.5 
% change 2.8 3.0 15.5 9.0 7.3 1.6 
Source: Containerisation International 
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Figure 1.1 Flow of container traffic in 2007 (Millions of TEUs), source from UNCTAD 
(2008) 
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The rapid developments of the Indian and Chinese economies have contributed to 
trade volumes that promote traffic flows from China to the Indian Ocean and to Europe. 
The Malacca Straits delivers over 100,000 oil and cargo vessels each year, 3.23 million 
barrels of crude oil each day (Chua et al. 2000). The special geographical topology in 
Southeast Asia and South Asia requires intermodal transport.  
Intermodal freight transport is the term used to describe the movement of goods in 
one and the same loading unit or vehicle which uses successive, various modes of 
transport (road, rail, water) without any handling of the goods themselves during 
transfers between modes. Ideally, each mode of transport is used for the length of haul 
that minimizes the line haul cost for the maximum distance moved. In a broader sense, 
the best attributes of each mode of transport should be combined in a system such that 
the lowest cost of transportation for the supply chain can be achieved. While efficiency 
is the prime rationale for intermodal transport, accessibility is another reason for using 
two or more modes of transport. Most exports require trucks, or railcars, for pick-up and 
delivery at some points in the supply chain. Nonetheless, complications arise as 
intermodal transportation systems compete in terms of costs and time. A rail-barge 
intermodal system may cost less than an all rail movement, but normally it will be 
slower. Meanwhile, shippers of value-added goods regularly identify reliability and 
transit time as attributes equal to the importance of affordable freight rates in modal 
choice decisions (Coyle et al. 2003). Hence, tradeoff between cost, speed and reliability 
with constraints of capacity and length is a major and crucial motivation in intermodal 
freight transportation field. Table 1.4 provides general comparison of characteristics 
among four transportation modes: truck, rail, air and ocean.  
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Table 1.4 Comparison of transportation modes  
Characteristics Truck Rail Air Ocean 
Cost Moderate Low High Low 
Speed Moderate Moderate High Low 
Reliability Moderate Moderate High Low 
Safety Low Moderate High Moderate 
Capacity (ton) 15-30 50-15,000 5-400 1,000-90,000
Average Length of haul (miles) 270-500 461-902 950-1,400 1496-1762 
Source: Transportation Statistics Annual Report 2007 
Intermodal transportation has been identified as a key factor of the international 
trade competitiveness. Over the past decades, many firms utilized intermodalism to 
substantially decrease logistics costs even though it still faces some operational 
challenges. In 2007, inland waterway transport accounted for around 500 and 800 
million tons of goods in Europe and United States respectively. In China, the total 
inland waterway traffic increased to 1.2-1.3 billion tons in 2007 driven by the large 
volume along Yangtze River (UNCAD 2008). For rail transport, the total rail freight 
production was 412 billion, 2.2 trillion and 481 billion tons-kilometers in Europe, China 
and India in 2007. The global intermodal logistics market grew by 10 percent in 2006 to 
reach €129 billion, which mostly driven by growth in the Asia Pacific region (13.1 
percent). The European intermodal logistics market account overall development with a 
below-average 7.2 percent and United States with 10.2 percent. Intermodal 
transportation has been world widely recognized as a way to reduce logistics costs, 
improve security, avoid damages and losses, and reduce transportation time.  
The main transport mode of Chinese goods to South Asia is ocean vessel through 
Singapore and Malacca Straits. However, with the development of express, railway and 
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airport, this unique ocean way may be dominated by the intermodal transportation 
through Myanmar, Thailand and India. 
1.2 Research Motivation and Methodology 
The research motivation of this thesis is to provide a simple and practical goal 
programming tool that operates in spreadsheet to analyze routing problems. By utilizing 
transport time and cost figures from comprehensive industry sources, results from 
analysis in this thesis provide a useful reference on route decisions for practitioners in 
the commercial sector. Particularly, for government and policy makers, the 
competitiveness analysis will provide suggestive recommendations for future 
developments by shedding light on how nations can possibly maintain or improve the 
competitiveness of routes that pass through them.  
As decision and policy makers are faced with multiple and conflicting objectives 
like the minimization of transportation cost, transit time and transit time variability as 
well as constraints on ensuring flow continuity and transit node compatibility, this 
research analyzes the benefits of competing routes under different priorities and 
demands for safety, reliability and cost control specific to commodity type. An 
international intermodal network based on Asia’s maritime trade is constructed and 
optimized by the proposed model. Through the model’s robustness and sensitivity 
analyses, we discuss competitiveness of alternative competing routes under varying 
conditions from perspectives of the users, logistics providers and policy makers. The 
routes also include possible future developments that may alter the current intermodal 
transportation pattern and erode the current competitive advantages enjoyed by certain 
existing routes. 
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For research methodology, this thesis presents a transportation cost model and a 
goal programming model to optimize a hypothesized intermodal routing problem from 
China to Indian Ocean. An intermodal transportation network connecting Shanghai and 
Shenzhen to four Indian destinations (New Delhi, Calcutta, Visakhapatnam and 
Mumbai) is constructed. The selected Chinese states represent two major manufacture 
centers in China. Calcutta is an important port on east coast of India which transit goods 
to north market of India as New Delhi, while Visakhapatnam transits freight to south 
market of India as Bangalore. Mumbai is a large hub transshipping freights to European 
market through Suez Canal.  
Particularly, Shenzhen port is an agglomeration of several ports including Yantian, 
Chiwan, Shekou, Mawan and Dachan Bay in Southern China's Guangdong province. 
Mumbai port is also an agglomeration of Jawaharlal Nehru port and Navi Mumbai port. 
To reveal the competitiveness of several routes from the perspectives of individual 
shippers and public policymakers on strategic level, the study focuses on the whole Port 
city’s performance (including all ports around the city), collecting freight rates from all 
carriers berthing at Shekou, Chiwan, Yantian, Mawan and Dachan Bay. To reveal the 
whole Port city’s performance, freight rates from all carriers berthing at Jawaharlal 
Nehru port and Navi Mumbai port are collected in the competitiveness analysis. 
The proposed intermodal network optimization model leverages upon the 
ideologies of goal programming, which is a branch of multi-objective optimization that 
stems from the field of multiple-criteria decision making (MCDM). Goal programming 
is a special form of linear programming in which multiple and conflicting objectives are 
expressed as constraints. As each of these objectives has a goal or target value to be 
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achieved, unwanted deviations from this set of target values are then minimized in an 
achievement function. The achievement function can be a vector or a weighted sum, 
depending on the goal programming variant used and the underlying satisfying 
philosophy that the variant is based upon. Owing to the merits pertaining to its 
simplicity and flexibility, goal programming has been widely applied to diverse fields 
including intermodal transport decision-making (similar to the thrust of this paper), 
planning budget and investment profile, human resource management, marketing and 
new product design. However, an inherent weakness of a typical goal programming 
formulation is that its solutions may not be Pareto efficient. In addition, the setting of 
appropriate weights in the goal programming model is ambiguous. Readers may refer to 
Scniederjans (1995) and Jones and Tamiz (2002) for in-depth discussions and reviews 
on the developments of methodology and applications. 
Transport time and cost figures, obtained from comprehensive industry sources, 
are inputted into the intermodal network optimization model to investigate the relative 
attractiveness of 36 competing routes under different priorities and demands for speedy 
delivery, safety and reliability, as well as, cost control of a hypothesized commodity 
type. Particularly, 34 of these routes are currently in service and the remaining two 
routes can be potentially developed owing to their strategic geographical positions. 
Further sensitivity analyses are conducted to examine sustainability of competitiveness 
of existing and potential routes under varying conditions that are important to shippers, 
logistics providers and policy makers.  
A simple and practical simulation tool is proposed to analyze routing problems for 
both policy makers and business associations. A spreadsheet is applied to solve the 
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model based decision makers’ emphasis on targets. Recognizing that the international 
intermodal routing is also a complicated issue in terms of intermodal transit nodes 
compatibility and the implications on transportation cost, we analyze the benefits under 
different priorities and demands, as safety, reliability, cost objectives and commodity 
category.  
1.3 Contributions of the Thesis 
This thesis explores new conditions and problems in international transportation, 
and has the following characters: 
(1) A large scale of intermodal transportation. Previous research on transportation 
has provided various contributions on uni-modal transport: trucks pickup and delivery 
loads from origins to terminal or from terminal to destinations; vehicles operations in 
the seaport or airport to assign loads; ports selections in unitary maritime transport or air 
transport; local intermodal transport as road-rail-road or road-sea-road. Our model aims 
to optimize international intermodal transport problems. Cargoes may cross nations or 
change transport modes several times to the final destinations.  
(2) Multi-objective models. A large scale of intermodal transport problem has 
various objectives such as reducing transport cost, time, risk and maximizing 
transportation reliability. Most published research, from the carriers’ view, focuses 
much on minimizing transport cost with time constraints. However, for some highly 
dynamic and profitable industry, efficient and reliable transport is more significant than 
transport cost. Our research analyzes intermodal transport from the aspect of 
minimizing cost, transportation time and transportation time reliability. Not only 
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emphasizing on optimization for carriers and shippers, this study also aims at improving 
constraints from government and policy makers’ view. 
(3) Analysis on the future transportation patterns in Asia. The optimization of 
intermodal transportation network involves a trade-off between cost and service. For the 
purpose of a meaningful competitiveness analysis, we add virtual routes which may 
probably be developed in future. Owing to the special geographical topology in 
Southeast Asia and South Asia, the virtual routes may topple over the current 
transportation order in Asia. It is possible that governments in Southeast Asia and South 
Asia may seek to improve the competitiveness of the transportation network by 
constructing rails and canals that run across their countries. Therefore, it is highly 
significant to analyze the effects of the virtual routes to the current transportation 
pattern in Asia. One important characteristics of this study is the quantitative analysis of 
routes’ competitiveness and improving recommendations for industry practitioners, 
government and policy makers. 
Summing up, this thesis makes several theoretical and practical contributions. 
Theoretically, the paper put forwards an intermodal network optimization model that is 
capable of handling multiple and conflicting objective functions while satisfying flow 
continuity and transit nodes compatibility among transports. The proposed model also 
offers a simple and yet practical tool, implementable on a spreadsheet platform, for 
analyzing freight routing problems. As the analysis is derived from real industry data, 
results in this paper will provide industrial users and practitioners in the consumer and 
commercial sectors an invaluable reference to make informed routing decisions for their 
freights and courier services. In view of the changing transportation landscape, the 
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competitiveness analysis will offer suggestive recommendations to government and 
policy makers on future developments by shedding light on how nations can possibly 
maintain or improve the competitiveness of routes that pass through their nations. 
1.4 Organization 
The thesis is organized as follows: Chapter 2 reviews the literature on intermodal 
transport. Chapter 3 discusses the maritime trade evolution and ports development in 
Asia, and highlight the future trend, challenges and opportunities facing the Asia 
maritime trade industry. Chapter 4 examines the possible intermodal freight transport 
options between China and India, and an intermodal transportation network is presented. 
The transportation cost and time on each link obtained from industry sources are 
verified. Chapter 5 presents the intermodal transportation cost model and goal 
programming model, and applies the model to optimize routing problem of China-
Indian Ocean. The effect of possible future transportation developments on their 
competitiveness is explored. Base on analysis in various conditions, discussions of 
several non-dominated routes and their competitiveness are presented. Chapter 6 
concludes the study.  
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Chapter 2 Literature Review 
Rigorous research on intermodal freight transport only begins since the 1990s. 
Macharis and Bontekoning (2004) conducted a comprehensive review on drayage 
operations, terminal operations, network operations and intermodal operations-related 
planning problems for intermodal freight that uses some combinations of rail, road, air 
and water transports. From the review, it is apparent that research on intermodal freight 
has transformed from a primary focus on local road-rail intermodal freight transport in 
the earlier days to a wider scope that encompasses drayage and intermodal network 
operations. Taking into considerations that strategic planning problems (such as 
terminal design and infrastructure network configuration) have received increased 
attention in recent years, the authors also highlighted future research opportunities for 
the transportation planning of intermodal freight at the strategic, tactical and operational 
levels. Following, Caris et al. (2008) provided an update on the review in Macharis and 
Bontekoning, with a stronger orientation towards the planning decisions in intermodal 
freight transport and solution methods. Together, Macharis and Bontekoning (2004) and 
Caris et al. (2008) covered literature in intermodal transport from 1988 to 2006. On in 
all, the complexity of intermodal planning problems (as reviewed in the two survey 
papers) is hard to be understated with the inclusion of multiple transport modes, 
multiple decision makers and multiple types of load units. In the following subsections, 
we focus on the studies of intermodal network optimization issue, particularly the 
intermodal optimization problem on international level, which is the main research 
motivation of this thesis. 
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2.1 Intermodal Network Optimization 
The intermodal networks in US and EU are explored in Bookbinder and Fox (1998) 
and Caramia and Guerriero (2009). However, the regional patterns of hinterland 
concentrations are fundamentally different between Asia, EU and US. The model suits 
for EU or US may not be effective in Asia. As illustrated in Figure 2.1, market 
concentration and logistic chain in North America, Western Europe and Southeast Asia 
are totally different.  In North America, the concentrated markets are port cities in east 
and west coast districts, and the coasts cities are connected by highway. In Western 
Europe, the concentrated markets are the hinterland of Europe continent, which are 
linked to ports cities around the bound. In Southeast Asia, the concentrated markets are 
located at the port cities which are separated from each other. 
 
Figure 2.1 Regional patterns of concentration, source from Lee et al. (2008) 
Chang (2008) noted that network optimization is a substantially complicated 
problem for the large scale of intermodal transportation. Particularly, the complicacy 
occurs due to multiple objectives, transportation mode schedules constraints and the 
effect of scale economies. Even at a very fundamental localized level (i.e., within 
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country), network optimization will need to consider elements pertaining to the 
locations of terminals, the configurations and consolidation of physical infrastructure, as 
well as, the pricing,  schedules and  routing of available services. Most of these network 
operation issues have been explored with the background of uni-modal transportation. 
International intermodal transportation, different from local transportation and uni-
modal transportation, is faced a most strategic problem: selection of routing and service 
based the complex intermodal transport networks.  
In a pioneering study, Modesti and Scimachen (1998) presented a multi-objective 
model to find shortest paths between origin and destination in an urban city while 
minimizing the overall cost, time and the users’ discommodity associated with the 
required paths. The proposed model, which uses a utility function to reflect the cost and 
time performances of individual transportation arcs, is developed for analyzing the 
urban transportation network of Genoa. The advantage of the model lies in its ability to 
assign appropriate weighs to the arcs while incorporating users’ preferences on all 
possible modes of transportation.  
Subsequent studies examine a variety of scenarios. Southworth and Peterson (2000) 
described the development of a detailed intermodal network, including intermodal 
network construction, intermodal route selection methods and intermodal terminal 
transfers. The paper aims at the routing issues for the thousands of intermodal freight 
movement which was reported in a survey of United States Commodity Flow Survey in 
1997. The main contribution of this study is applied Geographic Information Systems 
(GIS) technology for cost effective construction and the subsequent validation of mode 
sequences and route selections. 
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Through ingenious integrations and extensions of methodologies in Nozick et al. 
(1997), Wijeratne et al (1993), Miller-Hooks and Mahmassani (1998, 2000) , Chang et 
al. (2005) introduced an algorithm to find non-dominated paths for  routings  in 
networks where there are multiple objectives and uncertain routing attributes. The 
algorithm is able to provide good estimates for the means and variances of the uncertain 
attributes and compared partial paths with same nodes in a user specified time window. 
Martinez-Zarzoso and Nowak-Lehmann (2007) analyzed the maritime and road 
transport selection for Spanish exports to Poland and Turkey. Using attributes such as 
unit transport costs, distances, transport conditions, service structures and service 
quality, empirical results from their proposed model demonstrate that transport 
conditions exert the strongest influences on transport costs. While efficiency and service 
quality are significant influences on maritime transport costs, the same does not apply to 
distance.  
Also for the intermodal transportation in Europe, Andersen et al. (2009) designed a 
service network with asset management and multiple fleets’ coordination model. For a 
given demand, the model determines departure time of the services to minimize 
throughput time of the demand. The authors tested the model by designing service 
network between Northern and South-Eastern parts of Europe. This research 
particularly addressed the cross border problem in intermodal transportation system. 
Some recent research transformed routing and scheduling aspects into appointment 
management operations. Namboothiri and Erera (2008) explored the management of a 
fleet of trucks providing container pickup and delivery service to a port with an 
appointment-based access control system. Their model selects the best set of 
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appointment reservations for a fleet serving a set of container move requests. In addition, 
the best routes and schedules for a fleet are determined based on the pre-selected set of 
appointments.  
Caramia and Guerriero (2009) studied a long-haul freight transportation problem in 
which travel time and route cost are to be minimized along with the maximization of a 
transportation mean sharing index. The authors proposed a heuristic algorithm to obtain 
the best service network design while satisfying constraints such as vehicle capacity, 
time windows and mandatory nodes. Different from the general rail-road intermodal 
studies, the research focused on service network design to determine the best transport 
services and logistics, and explores transportation programming to satisfy specific 
customer requests. 
Very recently, Macharis and Pekin (2009) developed a geographic information-
based model for analyzing different policy options to simulate Belgian intermodal 
transport. This study found transport policy should be incorporated in a coherent and 
integrated vision to measures the rail/road and inland waterways/road combinations to 
avoid modal shift. 
To summarize, literature on intermodal network optimization mostly focus on the 
cost effective with time constraints. Two major factors affecting intermodal network are 
(1) proximity or integration to trucking, rail, ocean and air transport; (2) 
competitiveness of complementary and substitutable trucking, rail and air transport.  
2.2 Intermodal Network Optimization on International Level 
Comparatively, there are fewer research papers that examined the problem of   
intermodal routing across countries. Min (1990) developed a goal programming model 
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with chance-constraint to choose the most effective intermodal route which minimizes 
cost and risk while satisfying various on-time service requirements. Min illustrated the 
workings and validated his model by optimizing intermodal routes between suppliers in 
Japan and manufactures in New York.  
Bookbinder and Fox (1998) contributed an intermodal routing study for Canada-
Mexico shipments under North American Free Trade Agreement (NAFTA). In their 
paper, a network is constructed between five Canadian origins and three Mexican 
destinations. For each origin-destination pair, the authors presented elaborate 
comparisons of routes with specificity to their implications on cost and throughout time.  
As the main part of international intermodal transportation, maritime transportation 
optimization has been explored in some recent research. Hsu and Hsieh (2007) 
formulated a two-objective model to determine the optimal liner routing, ship size and 
sailing frequency for container carriers by minimizing shipping costs and inventory 
costs. Based the trade-off between shipping costs and inventory costs, Pareto 
optimization is carried to solute the model with two objectives. This study addressed an 
international ocean transport optimization problem with limited truck operation in ports. 
Chang (2008) formulated a multi-objective, multi-modal and multi-commodity 
flow problem with time windows and concave costs that reflect the schedule constraints 
of different transportation mode and the effect of economy scale. Although the resulting 
model is an NP-hard problem, Chang showed that it could be broken down into a set of 
more manageable sub problems using relaxation and decomposition techniques. As a 
case study, the author optimized the route from three LCD suppliers in Taiwan to PC 
manufacturer located in Denver, USA.  
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Amidst the literature above, Min (1990), Bookbinder and Fox (1998), and Chang 
(2008) are the only studies that have investigated into the problem of international 
intermodal transportation in different districts under varying service priorities and cost 
objectives. To the best of our knowledge, none of the extant literature has focused 
explicitly on the China-Indian Ocean line which is one of the busiest routes in global 
freight. 
2.3 Summary 
Table 2.1 is a summary of the reviewed literature on intermodal transportation 
research. In the method column, GP is goal programming, IP is integer programming, 
MIP denotes mixed integer programming, Pareto means Pareto optimization, LR means 
Lagrangian relaxation, GIS denotes geographic information system, MIIP denotes 
mixed integer linear programming, and OLS is ordinary least squares. 
Table 2.1 Intermodal transportation review (chronological order) 
Paper Major Decision Objective Method Problem 
Min (1990) Intermodal route  of transpacific 
Min cost, time 
and delay GP 
International 
intermodal 
transportation 
Bookbinder 
and Fox (1998)
Intermodal route in 
NAFTA 
Min cost and 
throughput 
time 
IP 
International 
intermodal 
transportation 
Modesti and 
Scimachen 
(1998) 
Routing in an urban 
city 
Min cost, time 
and users’ 
discommodity
MIP 
Intermodal 
transport in a city 
(car, bus, metro, 
pedestrian) 
Southworth 
and Peterson 
(2000) 
Routing and 
transfer operation Cost effective GIS 
Regional 
intermodal 
transport (in US) 
Chang et al. 
(2005) 
Routing in a 
stochastic 
dynamic network 
Min traveling 
time and risk 
MIIP 
LR 
Regional 
intermodal 
transport (in 
Northeast US) 
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Martinez-
Zarzoso and 
Nowak-
Lehmann 
(2007) 
Transport mode 
(road, waterways-
road, rail-road) 
Min cost OLS 
Regional 
intermodal 
transport  
(distance vs. 
service quality) 
Hsu and Hsieh 
(2007) 
Route, ship size, 
sailing frequency 
Min shipping 
and inventory 
costs 
Pareto Maritime transport
Chang (2008) 
Capacity, flow of 
commodity, arrival 
time 
Min cost and 
travel time 
MIP 
LR 
International 
intermodal 
transport 
Namboothiri 
and Erera 
(2008) 
Route, scheduling, 
appointment 
Min cost and 
number of 
vehicles 
IP 
Truck pickup and 
delivery to 
container port 
Andersen et al. 
(2009) 
Departure time, 
volume of hold and 
transferred 
Min 
throughput 
time 
MIP Service design 
Caramia and 
Guerriero 
(2009) 
Routing between 
cities 
Min cost and 
travel time 
Max 
capability 
IP 
Regional 
intermodal 
transport  
(road-rail-road) 
Macharis and 
Pekin (2009) 
Transport mode 
(road, waterways-
road, rail-road)  
Min cost IP 
Test various 
policies in regional 
intermodal 
transport 
 
From Table 2.1, it is apparent that papers on intermodal transportation are few, 
especially for international intermodal transport (only Min (1990), Bookbinder and Fox 
(1998), and Chang (2008)). Most of the published papers on intermodal transportation 
mainly focus on regional intermodal transportation as road-rail-road problem, local 
trucks pickup and delivery problem or uni-modal international transportation as ocean.  
Operation research application on the complex intermodal transport system is 
fairly limited, which provides opportunities for research on intermodal network using 
operations research tools. In Southeast Asia and South Asia region, cargoes major 
origins and destinations can be linked by various modes such as ocean, rail, road and air 
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owing to the special geographical topology in this district. International intermodal 
transportation is a suitable solution to reduce the transit time and decrease transportation 
cost caused by energy crisis. In Particular, intermodal transportation also represents a 
viable method to relieve challenges facing to Asia’s port cities, such as land-use 
confliction, environment pollution and transportation congestion. Few research papers 
explored the international intermodal transportation problems, and none of the extant 
literature has focused explicitly on the China-Indian Ocean lane which is one of the 
busiest routes in global freight. 
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Chapter 3 Maritime Trade and Port Development in Asia 
Ports are one of the most significant elements in the international intermodal 
transportation. The role of ports as gateways to domestic and international trade is 
pivotal in global logistical network (Lee et al. 2008). Since Asian maritime trade and 
ports development differ from Europe and the Americas, research methodologies and 
models proposed based cases in Europe and the Americas may not be directly 
applicable for Asia. Therefore, a good understanding of the history would help to 
inspire thoughts that provide insights for ports to face the future challenges.  
This chapter tracks maritime trade evolution in Asia from the thirteenth century to 
the post-World War II.  Following this evolution, an examination on the development of 
Asia ports is presented. To support further research, this chapter concludes with a brief 
discussion on fruits for thought, future trend, challenges and opportunities facing the 
Asian maritime trade industry.  
3.1 Maritime Trade Evolution in Asia 
Maritime trade and ports evolution are affected by revolutions in the transport 
sector and the industries, as well as, the globalization of the economy. In ancient times, 
international maritime is the major transport mode for geographical discoveries, and 
maritime trade plays an important role in civilizations of mankind. Following the 
industrial revolution, British traders extracted raw materials at low cost from their 
colonies, while dumping industry goods into these colonies markets. This was the key 
driving force behind maritime trade. After World War II, trade liberalization led to 
increased participations from developed and developing countries in international trade 
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and fueled the growth of maritime activities. Subsequently, globalization in the 1990s 
had brought about a large expansion of world trade and shipping, of which, maritime 
trade has played an increasingly important role in stimulating economic growth1.  
Figure 3.1 depicts the maritime trade improvement and ports evolution in Asia. 
The maritime trade evolution in Asia is described as ancient official and private trade, 
colonial economic trade and globalization maritime trade. In the following sub-sections, 
we explore the evolution of Asia’s maritime trade classified into three important distinct 
periods: ancient maritime trade between India and China prior to the fifteen century, 
maritime networks during times of colonization and Asia’s maritime trade under 
globalization. 
Ancient Official and Private Trade
Ancient maritime trade between India and China through 
Southeast Asia, 1200-1500
Colonial Economic Trade
British colonial maritime trade through Malacca Strait, 1500-1950
Globalization Maritime Trade 
Global hub port cities: Singapore and Hong Kong, 1950-present
 
Figure 3.1 Evolution of maritime trade in Asia 
                                                 
1 Irwin and Tervio (2002) have proven one of the most fundamental propositions of international trade 
theory, which advocates that trade allows a country to achieve a higher real income than would otherwise 
be possible. 
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3.1.1 Ancient Maritime Trade between India and China, 1200-1450 
Folk traders had established China and India maritime links from the first century 
BC. More notably, 1200-1450 marked a distinct milestone in the history of China and 
southern Asia maritime relations with the forming of the government maritime network. 
From the end of Song Dynasty to Ming Dynasty, Chinese government organized many 
fleets to southern India and even east Africa as parts of the Indian commercial zones. It 
was said in Liu (1988) that traders involved in these maritime exchanges are primarily 
the Persians, other Middle Easterners, South and Southeast Asians. The Malacca Straits, 
controlled by the port kingdom of Malacca at that time, was then already a critical trade 
route linking the Indian Ocean to the South China Sea and Pacific Ocean. Silk yarn 
entered India and was shipped to Rome through Indian ports, while coral and glass from 
Roman reached Chinese markets through Indian ports (Lin 1998). Hence, ports in 
southern Asia were important transit points for Chinese traders to Persian Gulf, and 
were also transition centers for Chinese and Roman goods. Sen (2006) noted that these 
maritime trades had grew so rapidly thereafter that the ports-of-trade in Southeast Asia 
and a Muslim trading network were formed in the eighth and ninth centuries 
respectively. 
After Qubilai (the King of Yuan Dynasty) took control the ports in China, he 
executed an aggressive maritime policy with a desire to expand the military and 
political influences to the southern coastal region. Large Chinese ships2 , which were 
more than thirty meters in length with capacity over hundred tons and staffed with at 
                                                 
2 Marco Polo, who visited China at Yuan Dynasty, described the ships that were transporting goods 
between China and India as ships having nailed hulls and multiple masts and cabins and were able to 
carry 1860 tons load. 
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least sixty crews, were deployed to carry out the maritime trade in the early twelfth 
century. These ships sailed around Chinese sea and were capable of reaching the land of 
Korea and Japan by today’s standards. Sen (2006) noted that significant fiscal revenue 
was derived through maritime commerce, which supported the world military expansion 
of Yuan Dynasty. Particularly, the maritime route through the southern Indian coasts 
was crucial for commerce between China and Persian Gulf. The associated significance 
of the south Indian ports to maritime trade during the thirteenth and fourteenth century 
is described in many history literatures, including Grant (2002). 
Unlike Yuan Dynasty, the objective of the Ming court for developing maritime 
links was not to profit from the commercial exchanges between China and India coastal 
regions. Rather, the Ming court desired to use its naval power to spread its rhetoric 
civilizing, maintaining peace and order, and economic prosperity across regions. From 
1405 to 1433, Ming court supported Zheng He’s seven voyages to southern Asia, Red 
Sea, Indian coast and east Africa (Sen 2006). Lin (1998) asserted that the mission of 
Zheng He’s first two voyages, in 1405 and 1407 respectively, was a solicitation of 
tributary. The Ming ruler, in turn, invited the envoys from Calicut and other foreign 
representatives to banquets, conferred titles and returned gifts. Meanwhile, the 
expeditions of Zheng He also increased the maritime exchanges between China and the 
kingdoms along the Indian coast sharply. 
Owing to Ming court’s prohibition to private overseas trades, many Chinese 
merchants resided at foreign ports. These Chinese communities in Southeast Asia had 
found it easier and more profitable to operate at Java, Malacca, or other ports in the 
region for their convenient access to India and South China. In addition, they benefited 
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from participating in the tributary system of Ming court, and avoided trade competition 
with other foreign traders in the Indian ports. These Chinese traders travelled from the 
Southeast Asian ports with the northeastern winds between December and March, and 
returned with southwestern winds between April and August (Grant 2002). 
 Notwithstanding the differing motivations, the influences of Yuan and Ming 
courts in the Indian Ocean world were far-reaching and were recognized by officials in 
the coastal regions of India. Based the analysis of Sen (2006), with City University of 
New York, the formation of maritime networks to Indian coast by private and official 
Chinese traders had augmented the domain knowledge on Indian geography, coastal 
kingdoms and commercial prospects under the ruling of both dynasties.  
3.1.2 Maritime Networks in Colony Times, 1500-1950 
In 1511, Portugal captured Malacca for its strategic importance. In 1641, the Dutch 
occupied Jakarta, and established Dutch East India Company to control the trade in the 
Straits from the seventeenth to eighteenth century (Chua et al. 2000). After the 
industrial revolutions, the British also recognized that a safe passing of British cargoes 
into the Chinese market could be ensured with a control over the Malacca Straits. Thus, 
in 1819, British established a colony in Singapore, and agreed to open the Straits for 
other friendly nations, which ended the long-standing dispute with Dutch. Singapore, 
Hong Kong and Calcutta ports had become colonial maritime centers serving a key 
global trading route. In the nineteenth century, these port cities were integrally linked 
by the East India Company in Asia. As the colonial port cities, Singapore, Hong Kong 
and Calcutta enjoyed rapid economic growth, physical transformation, ascending 
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population numbers, and dense maritime networks connected by international trade 
(Tan 2007). Their ports played a crucial role not only as trading places, but also as 
centers for technological transfer and culture communication during the period of 
colonization. The following paragraphs shall focus on the discussions of each of these 
port cities in turn. 
Singapore occupies a strategic location between the Indian Ocean and Pacific 
Ocean, and at the southernmost tip of Asian landmass. Owing to its geographical 
position, transshipments made up a large proportion of Singapore trade in the nineteenth 
century. Being part of a trading environment, the economic, social and cultural 
conditions of Singapore were determined by the flow of its maritime networks. During 
the colonial times, the extended commercial networks of Singapore were integrated by a 
full range of maritime vessels and formed by physical connections, maritime routes, 
functional inter-dependence such as trade, labor, commodity exchange and capital flows 
(Harper 2002). The colonial trading pattern promoted Singapore to be a critical node in 
the whole maritime network. It connected the Persian Gulf and India to the west with 
China to the east for centuries, which was named Maritime Silk Road. By the middle of 
nineteenth century, Singapore had become a congregation of multiple communities as 
Indians, Chinese, Malays and European trading together in the market. 
In the late nineteenth century, the speed of globalization (generated by trade and 
imperialism) was accelerated by the advent of steam vessels and telegraph. During this 
time, ancient trans-national connections stretching from the Arab lands to the south 
Chinese coast were revitalized. Singapore became not only the key economic node but 
also the heart of intellectual world of Asia. The island housed a dynamic mixture of 
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diverse classes and culture, triggering innovation with local experience and improving 
relationships with regional and international communities. With the opening of Malayan 
peninsula at the end of nineteenth century, Singapore acquired a physical hinterland 
from which the Malayan’s agriculture productions were exported. These export 
activities had become a major driving force of the port traffic and Singapore economy 
by the end of nineteenth century.  
Similar to Singapore, Hong Kong was a fishing coastal villages consisting of a 
hundred dwellers before the intervention of external powers. While advantageous 
locations and nautical accessibilities conferred both economies their strategic 
importance as British colonies, the main reason for becoming colonial city ports 
differed. According to Lee et al. (2008), it was Hong Kong’s potential as a gateway to 
China that motivated the British Empire to establish and start trade negotiations in Hong 
Kong. However, the failure to dominate market in China had lead to the development of 
Hong Kong to inevitably parallel that of Singapore. 
In contrast to Singapore and Hong Kong, Calcutta’s early success as an 
international hub port city was owed to its ability to transform its immediate hinterland 
in northern India into an international market and not relying mainly on transshipment. 
This hinterland, which spanned from the Gangetic plains to the west and the 
Brahmaputra valley in the northeast of India, had provided Calcutta with large volumes 
of trade and labors. As all important offices moved from Murshidabad to Calcutta in 
1772, Calcutta became the capital of British India (Tan 2007). Through the connection 
of the Indian hinterland to world market (especially China and Southeast Asia), Calcutta 
port delivered half of Indian’s export of cotton, tea, coal, sugar and saltpeter in the late 
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18th century. For the whole 19th century, Calcutta was a centre of commerce, culture 
and administration. The transformation of Calcutta’s hinterland into an international 
market was greatly aided by the opening of the Suez Canal and its special location on a 
navigable river that expanded its trade-related commerce, as well as, its extensive rail 
and road network that provided it with a large number of laborers and immigrants. Until 
the early 20th century, Calcutta was an international port and the center of colonial 
trading, serving the vast business created by the East Indian Company. However, from 
the 20th century, the British moved its capital of Indian Empire from Calcutta to New 
Delhi, and Calcutta gradually lost its hinterland market and its position as the empire 
port city. 
3.1.3 Asia’s Maritime Trade under Globalization 
After the World War II, a trading regime GATT (General Agreement on Trade 
Regime 1947) was established to govern trade between industrial countries. According 
to Francois and Wooton (2001), the Uruguay Round of World Trade Organization 
(WTO) in 1993 marked a new shift in the maritime trade system by involving a 
commitment from the developing countries to participate in the multilateral trading 
system. Thereafter, tariff barriers had further assuaged with the formation of more trade 
liberalization districts under the agreements of WTO. In addition, other shipping 
conferences are organized to set rates, analyze market conditions, assess other 
development such as fuel prices and port charges. One of these major conference 
agreements is the Transpacific Stabilization Agreement, which controlled about 86 
percent of US maritime trade with Asia in 1998. 
 
 
30
Between the 1950s and 1990s, the Asia economy saw the industrializations of large 
economic giants and the globalization of port cities. During the 1950s and 1960s, Japan 
embarked on an aggressive industrialization of its economy which was then followed by 
Korea some twenty years later. As part of these industrialization efforts, the Japanese 
and Korean governments gave strong support to lead industries that were tailored for 
exports. These include the shipbuilding, motor vehicles and electronics industries etc. 
Together with the huge amount of maritime imports of raw material and energy (such as 
metal ores and coal), the trade in Japan and Korea increased dramatically and stimulated 
traffic growths in the, Kobe, Osaka Tokyo, Yokohama and Busan ports. Particularly, 
Yabe (1991) noted that the emphasis on the roles of ports to the industries in Japan 
during the early industrialization period. Extension of wharves and large landfills for 
industrial areas were carried out in many ports and harbors, in response to the rapid 
increase in production and distribution. Many ports have been developed seaward so 
that sufficient water depths for larger ships and adequate areas for cargo handling can 
be created. Comparatively, urban life was neglected resulting in the occurrences of 
various problems such as water pollution, traffic congestion and loss of access to the 
waterfront for the people living in the city. In recognition of these, Japanese port 
development policy has been drastically changed to take into considerations of the 
effect on the city since 1985.  
Subsequently, with the trend towards globalization, ports in Asia delineated free 
trade zones to boost their attractiveness and competitiveness as logistics hubs within 
world maritime trade networks. As ports continue to play an important role in economic 
development, many saw an expansion in capacity and upgrading of technology, aimed 
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at improving port operations efficiency to attract more direct carrier services3 and keep 
pace with the booming maritime trade caused by globalization. Through a series of 
advanced modernization and urban expansions, Singapore and Hong Kong had become 
two hub port cities, connecting Europe and North America with China and Southeast 
Asia. Cullinane et al. (2006) had proclaimed that Singapore posited itself as a global 
city-state, defining itself as a city with global orientations, and entrenched itself as hub 
for global international manufacturing, commerce, communications and finance 
networks. Together, the post-industrialization, globalization and China’s Open Door 
Policy had provided new changes for Singapore and Hong Kong. Nevertheless, 
emphases on port productivity and efficiency improvements, urban attractiveness and a 
total port-city separation were not relaxed.  
In summary, the Asia’s maritime landscape had undergone three prominent phases 
of trade evolution (i.e., ancient official and private trade, colonial economic trade and 
globalization maritime trade) that produced profound impacts on the development of 
ports in Asia. Likewise, the development of port city in Asia had followed a progression 
path from a fishing coastal village to colonial city port, to entrepot city port, to free 
trade port city and finally emerged as a hub port city, as illustrated in Figure 3.2. 
                                                 
3  Direct carrier services augment the connectivity of a port by increasing the number of global 
destinations can be reached by shippers at the port and speeding transiting times. 
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Figure 3.2 Evolution of ports in Asia, modified from Lee et al. (2008) 
3.2 Asian Ports Development  
According to Klink and Berg (1998) and Heilling and Poister (2000), ports are the 
most significant elements in maritime trade. The importance of port to a nation’s 
economy cannot be underestimated. The impact of having a competitive port is far 
reaching beyond the immediate benefits such as higher operating efficiency, 
profitability, competitive exports and employment opportunities. Being a vital link in 
the overall trading chain, consequently, ports’ efficiency and performance determine a 
nation’s international competitiveness to a large extent.  
In order to insure that the ports will remain attractive in the new era of heighten 
competition, governments need to understand the criteria of port selection and the 
underlying factors of competitiveness to meet the ever increasing and more demanding 
needs of port users as well as maintain continuing competitiveness of their ports and 
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economy (Tang et al. 2008). Ports are required to continually assess its performance 
relative to the rest of the world so that appropriate governmental and business strategies 
can be devised. From the shippers and carriers’ viewpoints, making an intelligent port 
selection is important. Errors in port selection will affect both the cost and service 
associated with international shipments. 
3.2.1 Ports in Northeast Asia 
The following subsection describes the key advantages facilitating the growth of 
some of the major container ports in China (including Hong Kong and Taiwan), South 
Korea and Japan, as well as, development plans to counteract the challenges facing 
these ports in their future growths. 
 (I) Hong Kong 
The Hong Kong port is the world’s 3rd busiest ports. Located on the north shore of 
the South China Sea at the mouth of the Pearl River Delta, the port of Hong Kong is the 
leading container port for the mainland of China and a major hub port for intra-Asia 
trade. Wang (1998) advocated that Hong Kong’s proximity to underdeveloped Chinese 
ports is one of the prime reasons that had allowed Hong Kong to achieve its load center 
status in a very short period of time. Cullinane et al (2004) added that highly educated 
workforce in Hong Kong is another factor that promoted the Hong Kong Port’s 
international status as a major hub port in Asia. Being at the centre of the Asia – Pacific 
Basin and strategically placed on the Far East trade routes, the port has also been a key 
factor in the development of the area. 
The Hong Kong port is well-regarded as a highly efficient international container 
port in the world. It possesses one of the most perfect natural harbours in the world and 
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operates in a business-friendly environment with world-class infrastructure, The port, 
handling 24,248,000 twenty-foot equivalent units (TEUs) of containers in 2008, is 
served by 192,000 vessels from some 80 international shipping lines that provide over 
450 container liner services per week connecting to over 500 destinations worldwide. 
However, Wang indicated that Hong Kong port faced two dimensions regarding 
the space problems: first, the lack of stacking space within the port; second, the lack of 
stacking, parking, and repairing space outside the port. Furthermore, Loo (2002) 
observed that the abundance of labor in China has led to a large-scale relocation of 
labor-intensive and export-oriented industries into China, which spurred the growth of 
ports in South China. As operations in the Chinese ports improve, the differential 
advantage in terms of efficiency at Hong Kong port will be gradually eroded. While 
Hong Kong is still the leader in terms of value-added trade services such as 
consolidation, forwarding and financing, the cost advantage of its adjacent Shenzhen 
port and other ports in Southern China represents a constant threat. Statistics reveal that 
the Hong Kong port has lost as much as 40 percent of its monopolized traffic from the 
region in the 1990’s to ports in Southern China. In response to these challenges, Hong 
Kong has taken some measures to further enhance port productivity and efficiency as 
well as setting up high technical logistics centers and open space (OS) zones. 
 (II) Taiwan 
Spacious water areas, developed hinterland and convenient land transport link are 
some of the advantages that had contributed to the early development of Kaohsiung port. 
Situated in the South-Western part of Taiwan at the nexus of main Asia Pacific trade 
routes, the naturally deep-water port derives 52.2 percent of its volume from 
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transshipment and enjoys low tidal variance. The port also has ample space for 
expansion and provides one of the world’s largest ship scrapping facilities. However, 
Haynes et al. (1997) noted that the total cargo and containerized cargo growth in 
Kaohsiung (Taiwan’s largest port) has been lagging behind Hong Kong and Singapore 
due to customers’ dissatisfactions with service such as cumbersome custom clearances, 
high costs and poor management. In 2008, the port of Kaohsiung received 36,000 vessel 
calls and handled 9,677,000 TEUs which puts the port in the 9th and 12th position 
respectively in the ranking of Asia’s and world’s ports. 
The port of Keelung, another major Taiwanese port, lies on the northern part of 
Taiwan, 40 km away from the capital city of Taipei. The port recorded container traffic 
of 2,128,000 TEUs in 2008. With an average annual port call of 9,200 vessels, the port 
has shipping routes linking globally with all the other major container ports. For 
purpose of promoting international friendship and strengthening the exchange of 
technology and experiences on port developments, the port has established affiliations 
with the ports of Oakland, Los Angeles, Bellingham and San Francisco in the United 
States and the Port of Southampton in the United Kingdom as “sister ports”. 
Among the main container ports of Taiwan, Taichung is the closest to mainland 
China. The port of Taichung, which is called upon by 5,950 vessels, is located on the 
west coast of Taiwan. While container traffic is on a much smaller scale (i.e., 
approximately 1,200,000 TEUs), it has grown the most rapidly among all the Taiwanese 
ports. There are plans from the Taiwan state governments to channel existing traffic 
from the Kaohsiung port to Taichung port. The port of Taichung is potentially the main 
contender for direct trading links between Taiwan and mainland China.  
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 (III) Mainland China 
China ports can be divided into Northeast China ports, east China ports and south 
China ports. Figure 3.3 illustrates the location of major ports in China, including the 
Special Administrative Zone of Hong Kong. As a new active economic driver in Asia 
and the world’s largest container generator since its trade liberalizations, China has 
dramatically increase its financial investment to improve the infrastructure and 
superstructure in many of the Chinese container ports. In 2007, Chinese ports alone 
accounted for 139.1 million TEU, which represent 28.4% of world container port 
throughput (UNCTAD 2008).  
The port of Shanghai is located at the mouth of Changjiang (Yangtze) on the apex 
of a vast hinterland with inter-modal waterways, rail and road links running inland to 
central China. Because nearly 50 percent of all foreign investment into China is devoted 
into Shanghai and its surrounding, the port of Shanghai alone takes nearly half of the 
total container traffic through all ports in China which makes it the leading China 
container port and the second busiest port in the world. Containerization is high at 
Shanghai port, reaching above 55 percent, and the port is attracting an increasing 
number of direct, deep-sea vessel calls. Latest figures show that a total of 27,980,000 
TEUs from 55,000 vessels passed through the port of Shanghai in 2008, which puts the 
port of Shanghai into the number two position in the world’s port ranking. Alongside, 
Shanghai and its surrounding provinces have become the driving engine of China’s 
economy growth. Particularly, Shanghai functions as the economic, financial and 
shipping centre of China, with its surrounding provinces as the centre of manufacturing. 
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Figure 3.3 Ports in China, source from resources.alibaba.com 
To some extent, the rapid ascend of the Shanghai port on the world rankings can be 
attributed to a series of aggressive port development efforts embarked by its port 
authority. Sustained investment has been devoted in new terminals. Yangshan Port 
(Phase 2) of Shanghai installed 13 double-decker conveyors in 2008, which can handle 
two 20 or 40 feet containers at the same time. Since the double-decker conveyors are 
implemented, the port's load or unload efficiency is 850.53 TEU/hour, and the 
conveying speed of a single conveyor is 123.16TEU/hour. Meanwhile, the port 
authority has also introduced world-class port management practices into the port of 
Shanghai, which includes but not limited to the simplifications of custom procedures, 
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implementation of computer linkage between the port, customs and other related 
agencies etc. Currently, the bulk of Shanghai’s cargo originates in or travels to the 
conurbation and neighboring provinces of Jiangsu and Zhejiang. A coastal and inland 
container hub is being developed at Longwugang in Shanghai Harbor to extend the 
port’s hinterland.  
Despite its extraordinary performances, it is observed that the vessels that are 
currently calling at the Shanghai port are limited in the size and volume of cargo they 
ship due to draught restriction. With the deployment of ever larger vessels, the Chinese 
government recognized the need to overcome the problem of shallow draught in 
Shanghai port. In response, a deep water port at Yangshan (offshore of Shanghai) has 
been developed. With the completion of Yangshan port (phase 3) in 2009, Shanghai has 
positioned itself to be the largest container port in the world.  
The next major port in China is the Shenzhen port, which handles 21,414,000 
TEUs in 2008. Ranking as the fourth busiest port in the world, Shenzhen port is an 
agglomeration of several ports including Yantian, Shekou, Chiwan and other smaller 
ports in Southern China's Guangdong province. Of these, Yantian is biggest and sited in 
the sheltered waters on Dapeng Bay just 20 nautical miles north of Hong Kong. The 
port of Yantian is opened in July 1994 as an alternative access point to Southern China. 
Since its opening, this deep-water container port has lifted its throughput to over 1 
million TEU in just 4 years and over 8 million by 2008. The main bulk of Yantian’s 
cargoes originated largely from Shenzhen, Dongguan, Guangzhou, Huizhou and other 
Pearl River locations. The port is equipped with advanced port facilities and is served 
by a sophisticated rail and road network. Meanwhile, Chiwan and Shekou international 
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container terminals have constantly improved the efficiency of custom procedures. 
More international shipping companies are choosing the Shenzhen port for 
transshipment due to its merits. The port's loading and unloading charges are low, 
nearly half of those at ports in neighboring Hong Kong. Among other factors, the 
simplified customs procedures as well as its lower cost have encouraged its 
development. By offering shorter time and lower cost of transport (including handling 
charges) between Hong Kong and the rest of China, the port of Shenzhen port has now 
become the 2nd largest port on the Chinese mainland in terms of handling international 
transshipment goods.  
Other Chinese ports with impressive traffic performances are Ningbo (11,226,000 
TEUs), Guangzhou (11,001,000), Qingdao (10,320,000) and Tianjin (8,500,000), which 
ranked 7th, 8th, 10th and 14th respectively in the world. Another newly developed port 
is Qinzhou in Guangxi province, which is the 6th bonded port in China with a capacity 
of 15 million tons. Among the 22 berths, 11 can handle ships above 10,000 tons. 
Another 9 berths, providing an additional 25 millions tons, is under construction. 
With all these recent developments, earlier observations from Cullinane et al. 
(2004) and others that Chinese ports were under-provisions of physical infrastructure 
resulting long waiting time is no longer valid.  With logistics infrastructure and 
management knowhow, the future of the Chinese ports is optimistic. 
Situated in the sheltered waters on Dapeng Bay just 20 nautical miles north of 
Hong Kong, the port of Yantian was opened in July 1994 as an alternative access point 
to Southern China. This deep-water container port has lifted its throughput to over 1 
million TEUs in just 4 years since its opening, making it the largest container ports in 
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Southern China. The main bulk of Yantian’s cargoes largely originated from Shenzhen, 
Dongguan, Guangzhou, Huizhou and other Pearl River locations. The port is equipped 
with advanced port facilities, and is served by a sophisticated rail and road network. 
Among other factors, the simplified customs procedures as well as its lower cost have 
encouraged its development. 
(IV) South Korea 
Figure 3.4 illustrates the locations of ports in South Korea. The Pusan port is by far 
the most important container port in South Korea, accounting for more than 90 percent 
of the nation’s container throughput. As of 2008, Pusan port is the 5th busiest port in the 
world with a container throughput of 13,425,000 TEUs and 83,547 vessel calls. A 
number of factors have contributed to the growth of Pusan port. Firstly, Pusan is a 
natural deep water harbor which allows the berthing of big vessels.  Secondly, Pusan is 
at the cross road of Northeast China, Japan and Western Russia and thus has potential to 
be the regional hub. Third, Pusan is an attractive relay centre for minor Japanese ports 
because it is cheaper and thus able to undercut major Japanese ports. Thus, many 
shippers have been sending their cargoes through Pusan for transshipment to/from 
regional Japanese ports. Transshipment cargo accounts for some 40 percent of container 
throughput in Pusan port by 2006. Busan is planning build a total of 30 new berths by 
2011 as competition from Chinese ports, including Shanghai and Dalian, intensifies. 
Other than Pusan, the Port of Incheon has contributed greatly to the development 
of the economy and industries in South Korea. Located on the mid-western coast of the 
Korean Peninsula near the capital city Seoul, Port of Incheon is a gateway to Seoul. As 
an artificial port with the world’s largest and most advanced lock gate (wet dock) 
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facilities that overcome a tidal difference of 10 meters and permit vessels up to 
50,000DWT to berth directly in the inner closed harbor basin, the port is also equipped 
with various modernized harbor facilities for trade promotion with the main ports of the 
world. Nonetheless, the container traffic at the Port of Incheon is merely over 10 
percent of that in Pusan (i.e., 1,655,500 TEUs). 
 
Figure 3.4 Ports in Korea, source from http://port114.com/map.html 
Going down south, Port of Gwangyang is situated on the south coast of South 
Korea above the Gwangyang Ha River of Yosu. The port of Gwangyang is equipped 
with an annual capacity of 5 million TEU and is the fastest expanding port in Korea. 
The port is connected to land through four eastern and western container driveways, and 
directly to a 2.5 km railroad. Yeosu Airport, which is near the port, is currently under 
expansion. Thus, a systematical network that enables fast commuting in every direction 
to and fro the port is formed with the integration of railroad, highway and other private 
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airports. In terms of future developments, the port of Gwangyang is scheduled to be 
developed into a 33-berth super-scale container port by 2011. 
However, Bong (2009) warned that growth rate of cargo traffic through Korean 
ports is drastically slowing down from 13.8 percent in the 1990s to 2.2 percent in 2008. 
Bong advocated that several causes of slowdown in cargo traffic through ports in Korea 
are: (i) a rise in operating cost, (ii) a slowdown in foreign trade due to change of 
industrial structure (i.e., increased portion of service industry), (iii) loss of competitive 
advantage in traditional labor intensive light industries, and (iv) failure to induce newly 
emerging high technology capital intensive industries. The author also suggested that 
Korea should capitalize on the underdeveloped logistics sector, so as to create more 
value-add through implementations of multi-modal transportation systems, technology 
and management know-how that drives the growth of ports.  
(V) Japan 
As shown in Figure 3.5, Kobe, Osaka, Tokyo and Yokohama ports represent four 
of the major ports in Japan Specifically, Kobe Osaka, Tokyo and Yokohama ports have 
experienced container traffic of 2,432,000 TEUs, 1,725,500 TEUs, 4,271,000 TEUs and 
3,490,000 TEUs, respectively, in 2008.  
Kobe port is located in the central part of the Japanese Archipelago. The Kobe port 
has a hinterland that covers the whole of western Japan. The geography location and 
topology have conferred Kobe port several unique advantages that makes it the 
principal foreign trade port of Japan. One, Kobe port lies on the main routes of world 
marine-transportation networks. Two, Kobe port is accessible from various directions as 
it stretches from east to west. Three, expensive dredging is unnecessary owing to 
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favorable natural conditions that include some deep-waters berth and no seasonal winds 
and rivers flow into the port. The port is also ideal for mooring since it has little 
variation in tides. In terms of connectivity, the Kobe port is served by many regular 
carrier service lines, including North American, European, Southeast Asian, and 
Chinese lines that linked the port with 500 ports in 130 countries. Intermodal 
transportation efficiency is secured by expressway networks, domestic feeder services, 
and ferry services. As part of a continual improvement process, Kobe seeks to 
constantly enhance its services for user convenience and friendliness by reducing port 
facility charges, simplifying various port procedures, computerizing operations using 
EDI (electronic data interchange) system for submitting various application. In order to 
provide greater flexibility to carriers, domestic container feeders are also permitted to 
use overseas berths.  
 
Figure 3.5 Ports in Japan, source from http://across.co.nz/Japan.html 
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The port of Osaka is located in the western part of the city of Osaka. The port is 
directly connected to the main area of the country through an advanced network of 
expressways and other main roads as well as a feeder network. It is also directly linked 
up with Kansai International airport. Similar to all Japanese ports, the port of Osaka is 
constantly improving its services in an attempt to make the port more user-friendly. 
The Port of Tokyo is located on the west coast of Honshu in area between the 
estuaries of the Arakawa and Tamagawa Rivers. The port takes on the responsibility of 
distributing essential commodities such as sundry goods, foodstuffs, paper products, 
building materials and so forth throughout the Tokyo Metropolitan area (Shinetsu and 
southern Tohoku) for its industrial activities and 40 million citizens. Being an important 
asset of a highly advanced country, both economically and technologically, the port has 
taken early actions to enhance the accessibility and functionality of its terminals for 
container, ferry and specialized cargo use. In addition to rail connection, warehouses 
and distribution centers have been set up in the reclamation areas behind each terminal 
to complement terminal functions and arterial routes and other roadways are developed 
to facilitate distribution activities.  
Close to the port of Tokyo, the Port of Yokohama is located on the northwestern 
edge of Tokyo Bay, 30 km from Tokyo. The Port of Yokohama is a naturally blessed 
port with a spacious water area of ample depth on the eastern side and undulated hills 
on the northern, western and southern sides. The port operates 24 hours daily and has 
been equipped with various facilities such as inner and outer breakwaters to protect the 
port from the effects of winds and tides. As part of the future plans, Japanese 
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government aspires to develop the Port of Yokohama into a major container hub port, 
with separate facilities for intercontinental and Asian container traffic.  
Operating in a country that is technologically and economically advanced, all 
Japanese ports are able to offer efficient services through extensive use of sophisticated 
state-of-the-art facilities and implementation of modern management practices. 
However, apart from the generally more expensive labor and associated operations cost, 
Imai et al. (2001) pointed out that charges in Japan’s ports have been consistently 
higher than those in other major hubs owing to overcapitalization of the port for 
relatively small cargo volume. 
3.2.2 Ports in Southeast Asia  
(I) Singapore 
The Singapore port is strategically positioned to participate as a transhipment hub 
for South East Asia and contribute significantly to the country’s growth4 process into 
one of the core global cities in Asia. Specifically, the Singapore port is located at the 
crossroads of international trading in sea routes in the Asia-Pacific where the 
geographical topology endows the port with a naturally deep harbour. The port 
represents an active feeder shipping spot in Asia, with a network service ranging from 
short to long routes. Other than being highly efficient, the port offer full range of 
service, including fuel, pilotage and towage, cargo, vessel repairs, warehousing, 
banking, insurance, communications, entertainment, training and education in port 
                                                 
4 The maritime industry comprises more that 5,000 establishments, employs around 100,000 people and 
contributes more than 7 percent of the Singapore’s GDP in 2008. 
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operation and management, logistics and distribution management and other transport 
studies.  
Throughout many decades, the Singapore port has retained her position as one of 
the world’s busiest ports in terms of vessel arrivals, bunker sales, cargo tonnage handled 
and container throughput (Cullinane et al. 2006). Chia et al. (2003) pointed out the 
‘secrets’ of Singapore port’s success are well-documented in commentaries and 
academic studies. Among these, Zhu et al. (2002) argued that conductive Singapore’s 
business environments and well-developed infrastructures are the main factors 
attracting MNCs investments. The traffic at the Singapore port is further augmented 
through the port-related industries, which are located in dense and compact districts and 
high technical logistic centers as a response to global and local forces that promotes in 
and outward multi-national operations. Other reasons for Singapore port’s success can 
be attributed primarily to the resident port and maritime-related community which 
provide competitive products and top service standards in world-class to meet the 
requirements of port customers.  
Today, Singapore port has achieved an impressive container throughput of 
27,900,000 TEUs and become a focal point for 174,620 vessels of some 200 shipping 
lines with links to more than 600 ports in over 120 countries worldwide. Singapore port 
has 49 berths serving container ships, which can handle up to 26.1 million twenty-foot-
equivalent units (TEUs). The construction of 16 berths has begun in October 2007, 
when completed in 2013, the port will have an annual handling capacity of 14 million 
standard containers (which is an increase of more than 50 percent). In large part, 
Singapore's historical importance was due to its geographic position in relation to the 
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Straits of Malacca, one of the world's busiest sea-lanes. While the port of Singapore 
continues to serve as an important link for goods shipped between Asia and Europe, the 
port has been faced with stiff competition as an international transportation hub from 
neighboring Malaysia in these recent years. Malaysia started taking away Singapore's 
container trade business with the opening of its Port of Tanjung Pelepas and 
immediately secured two of Singapore's biggest shipping clients. Lam and Yap (2006) 
conducted a comparison on the cost competitiveness among the port of Singapore, Port 
Kelang and Tanjung Pelapse port.  
 (II) Malaysia 
Port Kelang and Port of Tanjung Pelepas are two major ports in Malaysia, amidst 
several others as illustrated in Figure 3.6. Port Kelang is the one of the most established 
ports in Malaysia, with a container traffic of 7,970,000 TEUs that ranks 15th in the 
world and 11th in Asia. Situated on the west coast of Peninsular Malaysia (40 km from 
the capital Kuala Lumpur)，Port Klang’s proximity to the greater Kelang Valley5  
makes it a premier port in Malaysia. The port has trade connections with over 120 
countries and dealings with more than 500 ports around the world. It serves as the 
nation’s load centre and regional transshipment centre, and is called upon by 17,000 
vessels annually. Port efficiency is ensured through modern infrastructure facilities, hi-
tech state-of-the-art cargo handling equipment, computer information systems 
(including EDI), pre-clearance and advanced pre-clearance on Customs, Health and 
Immigration formalities.  
                                                 
5 The Kelang Valley is the commercial and industrial hub of Malaysia as well as the country's most 
populous region.  
 
 
48
 
Figure 3.6 Ports in Malaysia (source: http://geography.about.com) 
The major thrust of Port Kelang's developments will be more industrial-based 
dealing with very large consignments, which are in line with the economic growth in 
the central region of the country and its identity as a regional transshipment base. 
Currently, the port authority is constructing additional facilities as part of its supply-
driven policies. When Westport is completed, the facilities at Port Kelang will be 
sufficient to handle the projected cargo throughput 130.5 million tonnes (i.e., 8.4 
million TEUs) at the end of 2010. As part of the future development plan, Port Kelang 
will see further expansion of port facilities south of Port Kelang between Tanjung Rhu 
and Batu Laut (30 km from Port Kelang). 
Port of Tanjung Pelepas (PTP) starts operations in October 1999 and aspires to be 
the region's premier transshipment hub. The port is located at the confluence of major 
shipping routes at the southern tip of Johor West in Malaysia. Being only 45 minutes 
from the confluence of the world's busiest shipping lanes, the PTP has steadily attracted 
 
 
49
the world’s leading main shipping lines which include Maersk Sealand in 2000 and 
Evergreen Marine Corporation in 2002. Port traffic statistics shows that 3,368 vessels 
had stopped at the PTP and brought 5,600,000 TEUs of container traffic6 to the port in 
2008. This put the port into the 18th place in the world; and 12th place in Asia just 
behind Port Kelang.  Factors that have contributed to rapid growth in the PTP are its 
excellent port facilities and infrastructure, supported by a state of the art integrated 
information technology systems and highly trained staff, which enabled high efficiency 
and productivity to be achieved.  The 15 meters naturally sheltered deep-water port also 
boosts of its excellent connectivity via road, rail, air or sea. PTP currently has 12 berths 
and a terminal-handling capacity of 10 million TEUs. Under the existing expansion plan, 
the port would build eight new berths and include land reclamation and dredging. The 
long-term plan is to have 95 berths such that capacity will reach 150 million TEUs. 
 (III) Indonesia 
Indonesia has two principal ports, namely the Tanjung Priok and Tanjung Perak 
ports. Tanjung Priok port (also known as Jakarta's port) is located in western Java 13 
km from the city centre of Jakarta. Tanjung Priok port is the main port for the major 
manufacturing region around Jakarta and west Java, and deals with both coastal and 
international trade. The port is constructed after the independence of the Indonesia 
Republic with the main purpose of ships' loading/unloading among the islands on 
recognition that the existing Sunda Kelapa Port was unable to be further developed to 
accommodate increasing trade ships brought about by the opening of Suez Canal. The 
                                                 
6 This figure translates into 8 percent of South-East Asia’s total port market. Of the 5,600,000 TEUs, 95 
percent are transshipment and 5 percent hinterland (i.e., local cargo) The port hopes to increase the latter 
to 20 percent in the short- to medium-term.  
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Tanjung Priok port is well protected by breakwaters, with facilities for all types of 
cargoes. However, the port owner7 noted that the growth of the port has been hampered 
by limited capacity and inefficient operations, including poor road access. Its current 
capacity is only 600 containers per hour, about two-thirds of the volume projected for 
next year. 
Currently, the Tanjung Priok port ranks 26th in the world and 18th in Asia by 
handling 3,984,000 TEUs (which is about 30 percent of total freight handled by 
Tanjung Priok Port). In terms of vessel traffic, the port registered a total of 7,150 calls 
in 2008. The government has set an ambitious goal of developing an international-
standard regional port. In order to fulfill this mission, the state-owned port operator has 
announced its plans to invest $286.2 million to improve infrastructure (i.e., the purchase 
of new equipment and stronger cranes, and redesigning the docks) at Tanjung Priok port 
in Feb 2010. The investment is part of a five-year plan to modernize Tanjung Priok, cut 
costs in half and reduce the ship docking- time from three or four days to two days.  
Meanwhile, the Port of Tanjung Perak (also known as the port of Surabaya City) is 
located on the northern coast of the island of Eastern Java, opposite Madura. The port 
serves 4,700 vessels as one of the main gateway ports to Indonesia. Being the principal 
port in East Java with annual container traffic of 1,000,000 TEUs, the port also 
functions as a main cargo collection and distribution center for both the Province of 
East Java, and the whole eastern archipelago of Indonesia. The Port of Tanjung Perak, 
equipped to accommodate tankers, general cargo vessels and container vessels, has 
undergone continual physical development with modification of existing berths, and 
                                                 
7 The port operator JICT is jointly owned by Hong Kong’s Hutchison Port Holdings and state-owned port 
operator PT Pelabuhan Indonesia II.  
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provision of additional berths specifically designed for container handling operations. 
The Port Authority, in its efforts to encourage development of the associated port 
industries and construction of the passenger terminal, continues to upgrade and improve 
both port facilities and services to meet demand.  
 (IV) Philippines 
The two primary container ports in Philippines are Manila and Davao. Manila port, 
situated at the East end of Manila Bay, is the most significant port in Philippines. The 
port handles 4,062,000 TEUs, which accounts for over 90 percent of the nation’s 
international cargoes. With regards to its global and regional standings, Manila port is 
the 25th busiest in the world and 17th seventeenth in Asia. The port of Manila has 
significantly benefited from its topology that bestows it a shoreline of 2km and 
protected by 3050m of rock barriers, while enclosing approximately 600 hectares of 
anchorage. The port of Manila is presently equipped with an annual capacity of 1.5 
millions TEUs. Press release on April 2009 said that the Philippine government is 
forging ahead with plans to establish some 70 modular ro-ro ports over a period of four 
years to the tune of US$248.13 million. The proposed facilities call for the use of 
prefabricated steel modules for the port superstructure - pier, causeway, mooring 
platform, ramp dolphin and terminal with solar-powered utilities. Negotiations are 
under way for the requisite loan package, estimated to cover nearly 88 percent of total 
project cost. 
The Davao port, situated on the southeastern coast of Mindanao Island, is the 
second largest port in Philippines with container traffic of 72,000 TEUs. The Port of 
Davao, otherwise known as Sasa Wharf, holds the distinction as the premier export and 
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import hub in Mindanao. In addition, Davao port also functions as the front-line port in 
the exchange of commerce and trade between provinces and other parts of the country, 
as well as, the principal seaport for most commodities produced along the Davao Gulf. 
In terms of topological advantage, the natural islands of Samal and Talikod along 
Pakiputan Strait of Davao Gulf bound the port in the east. Hence, Davao port is 
relatively protected by landmasses on all sides except at the South.  
In December 2008, Davao port has completed a rehabilitation project involving the 
construction of a new 42.35 m x 18 m quay, an expansion of the 3,179 square meter 
Reinforced Concrete Wharf, 13,180 square meter back-up area, mooring and fendering 
area, drainage system, and the installations of port lighting and rockworks. The port can 
now accommodate eight ships at the same time. Other benefits from the rehabilitation 
project are better life to Davao folk as a result of more job creations, greater 
investments in livestock and aquaculture and attraction of tourists. 
 (V) Thailand 
Bangkok and Laem Chabang are two of the leading ports in Thailand. Bangkok 
Port (also known as Krung Thep and Klong Toey) is located on the left side of the Chao 
Phraya River between 26.5 and 28.5km from Klongtoey District, Bangkok. The port 
serves 2,800 vessels and handles 1,480,000 TEUs in 2008. Bangkok Port is well-
connected with road and rail systems, which enable fast and economical transport of 
cargoes between the port and its hinterland. It is also equipped with a bonded 
warehouse that offers several value-added services such as online inventory account 
reporting, more equipment for lifting and moving goods, and expansion of storage areas. 
To provide a more comprehensive support for port-related activities and ensure optimal 
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resource utilization, four zones are set out for future development.  Specifically, Zone 1 
will be developed into a Maritime Business Centre to accommodate shipping agents, 
freight forwarders, a Maritime Training Centre, an Educational and Exhibition Center, a 
Business Center catering to banks and financial institutions, and an Integrated IT/ EDI 
Document Center; Zone 2 is set aside for the construction of high-rise logistics center, 
cargo consolidation/ distribution center, tax free zone, general/ bonded warehouses, and 
a Truck Terminal; Zone 3 will serve as a modern market that complies with sanitation 
and environmental standards; and Zone 4 will house a modern office building and other 
relevant activities.  
Laem Chabang port is located on eastern Thailand in the Sriracha district, about 
130km south of Bangkok and Thailand’s industrial heartland. The deep water harbors of 
the Laem Chabang port is opened in 1999, with an initial TEU capacity of 3.04 million, 
to compensate for the water depth restriction at port of Klong Toey. In addition, the port 
also provides a comprehensive range of 24-7 services to exporters and importers. 
Further improvement to transport links has increased the accessibility of the port and 
the port has witnessed steadily rising traffic volume since its opening. Today, 
approximately 5,134,000 TEUs on 4, 650 vessels go through Laem Chabang port 
making it the 21st busiest in the world and 15th in Asia. The current plan is to develop 
Laem Chabang into an e-Port. With a primary objective of relieving traffic bottleneck, 
the main features of this e-port are: (i) RFID-enabled payment system to inspect 
vehicles passing through e-Gate Control, verify data on the number of containers and 
fee collection; and (ii) Electronic Data Center for Real Time exchange of e-manifest, 
Container List and other data between Laem Chabang Port, dock operators, Customs 
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and Immigration Department. Also, in Feb 2010, the National news bureau of Thailand 
publically announced that The Port Authority of Thailand will push forward Laem 
Chabang Port to become the main port for international and Mekong Sub Region trade, 
as well as, the center of trade links, business traffic, merchant marine. A four years 
development plan has been drawn up to increase the capacity and energy efficiency of 
the port so as to accommodate the rapid increase of the economy, trade and the growth 
of Thailand’s international seaborne trade. When completed in 2016, Laem Chabang 
port will provide a capacity of up to 7.2 million TEUs a year.  
3.2.3 Ports in South Asia  
Compared to ports in Northeast and Southeast Asia, ports in South Asia are 
generally less developed and handle less container traffic. Exceptions are the major 
Indian and Sri Lankan ports. The following subsection gives brief accounts of the 
Jawaharlal Nehru, Chennai and Colombo ports. 
(I) India 
Jawaharlal Nehru and Chennai are major Indian ports. Jawaharlal Nehru port, also 
known as Mumbai port, is the biggest and most environmental friendly port in India. 
Commissioned in 1989, the port handles 3,953,000 TEUs (which translates into 55 to 60 
percent of the nation’s total containerized cargo) in 2008. This volume of container 
throughput places Jawaharlal Nehru port on 27th and 19th positions in worldwide and 
Asia. Jawaharlal Nehru port is well connected to the national extensive network of 
railways. The port operates 24 hours per day, possesses modern handling facilities and 
adopts up-to-date customs EDI and vessel traffic management system. In order to cope 
with the expected growth in container traffic and container vessel sizes, projects to 
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expand ports facilities and further improve its rail and road connectivity are underway. 
More specially, these include: (i) the development of a standalone container handling 
facility with a quay length of 330-m towards North at JNPT; (ii) development of Fourth 
Terminal and Marine Chemical Terminal; (iii) deepening and widening of main harbor 
channel and JN Port channel; (iv) doubling of rail track; (v) development of an 
integrated and centralized tractor parking zone; and (vi) upgrading of existing roads and 
yards. On and all, when completed in 2011, the expanded port will assume an additional 
capacity of 0.8 million TEUs per annum from the optimum utilizations of the water 
front area and accommodate up to 14 m draught, while providing a safer movement for 
cargo and avoiding difficulties in container stacking which together enable faster 
turnaround time.  
At the Coromandel Coast in South-East India, the Chennai Port (previously known 
as Madras) operates on a much smaller scale with container throughput totaling to 
1,128,000 TEUs. Since 2009, the port operator has started the construction of a Second 
Container Terminal which features a 832 m long berth with 15.5 meters alongside depth 
and a back up area 35 hectares. Additional storage open area will also be created. 
Capacity of Terminal is 1 million TEUs per annum. Other efforts to modernize Chennai 
Port are the realignment of rail and road network inside the harbor in progress, 
mechanization of the coal conveyor system, and the deepening of channels, basins and 
berths. In addition, Chennai Port is contemplating to carry out the construction of a 
dedicated Elevated Expressway from Chennai Port to Maduravoyal, runs for a length of 
19.01 kilometers along the riverbank and followed by the NH 4 road. This project is 
likely to be commissioned in February 2012. Through these series of continuous 
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modernization that enable the provision of cost-effective and efficient services, as well 
as, the implementation of simple and integrated procedures, and user-friendly approach, 
the port seeks to achieve greater heights in the near future. Figure 3.7 shows the ports in 
India. 
 
Figure 3.7 Indian Ports, source from www.worldstonex.com 
However, the growths of the Indian ports have generally lagged behind other ports 
in Asia. De Monie (1995) and Haralambides and Behrens (2000) cited poor physical 
configurations of ports, proximity to urban development, outdated port facilities, 
insufficient equipment maintenance, backward cargo handling techniques, inadequate 
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accountability for cargo handling, bureaucratic administration, regulations and weak 
coordination between departments as possible reasons for poor performance of Indian 
ports. Using data from Indian ports, De and Ghosh (2003) confirmed the hypothesis that 
if an Indian port can perform better by improving its operational and asset performances, 
then it is likely to get higher traffic but the reverse is untrue. 
(I) Sri Lanka 
The port of Colombo lies on Sri Lanka’s southwestern shores on the Kelani River. 
Apart from being a major port in the Indian Ocean, the Port of Colombo also makes it 
presence felt as the world’s 28th and Asia’s 20th busiest container ports with a registered 
traffic of 3,687,000 TEUs. The port handles most of the Sri Lankan’s foreign trade, 
including the manufacturing exports of processed raw materials. Other leading 
industries in the Port of Colombo include jewelry, chemicals, glass, textiles, leather 
goods, cement, and furniture. As the commercial center of Sri Lanka, the Port of 
Colombo also contains head offices of both foreign and local banks, insurance 
companies, government offices, and brokerage houses.  
With one of the world’s biggest artificial harbors, the Port of Colombo is made up 
of three terminals and offers a total of 6245 square meters of bonded warehouse 
including 125 square meters of cool room. These warehouses are equipped to accept all 
types of goods (except dangerous or perishable goods), with 24hr security service 
provided, and small processing services for re-export cargoes available at Warehouse 
BQII. The Port of Colombo is presently undergoing an expansion on west of its current 
southwest breakwater. According to the Sri Lanka Ports authority, the South Harbor 
Development Project involves four terminals. Each of this four terminals will be over 
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1200 meters long with alongside depths of 18 meters and covers about 600 hectares in 
total. There are future plans to deepen the berths in the Port of Colombo to 23 meters 
for deep-draft vessels. The South Harbor channel will be 560 meters long with a depth 
of 20 meters and a harbor basin depth of 18 meters with a 600-meter turning circle. 
3.3 Lessons to be Learnt from the Evolution 
Evolutions of maritime trade over the centuries have revealed that there exists a 
close relationship between the development of a maritime industry and its environment. 
Every emergent of a hub port city or prosperous maritime trade region is seen to 
astutely leverage on its own advantages, which may be a strategic location in proximity 
to major trading axes and affluent markets, advanced transportation system, superior 
services and/or modern management practices, and catches on the bandwagon during 
the special bull period. In turn, a budding maritime industry spurs port developments 
just as the opening of Suez Canal promotes the growths of many ports in Italy, Greece, 
India and Malacca Strait along the Asia-Europe line. The pace and degree of port 
development can be further facilitated by intelligent hard and soft investment in port 
infrastructure and management, made under careful considerations of its intrinsic 
characteristic relative to its peers. 
In this section, we present some fruits for thought related to opportunities and 
threats for future port and maritime development in Asia. First of all, the associations 
between maritime trade and its business environment will irrevocably continue to hold. 
With the progressive global integration process, world trade is expected to expand and 
increase the demand for cargo shipping. More reductions of tariff in maritime trade will 
be reached through forthcoming conference agreements with lower trade barriers 
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resulting to benefit both the producers and customers. As trade liberalizations across 
regions continue and invigorate their district economies, more long haul and short sea 
shipping will be induced and subsequently be developed into highway transportation on 
sea. At the meantime, China’s Open Door Policy and its membership of the World 
Trade Organization (WTO) will provide further opportunities for ports that are based in 
China’s manufacture centers (such as Shanghai, Shenzhen and Tianjin), and also for 
Singapore and Hong Kong ports that are situated on the crucial route providing China 
its needed energy and resources. 
Second, maritime trade is a part of world economy which directly reflects the 
sentiments of exports and imports conditions. It has been observed that there is an 
obvious pronounced change in maritime trade industry after every major downturn or 
upturn of economy. During the economy recession, consuming markets will shrink, and 
the volume of world’s import and export dramatically decreases. Contrarily, every 
boom of economy brings along a boom in maritime trade, as seen from the dramatic 
developments of both maritime trade and economy in Japan, Korea, Singapore and 
Taiwan in 1970s. Therefore, in addition to the specifics of port investment, prevailing 
and forecasted future economic conditions would be another element to be considered 
when deciding on the timing such investments. 
Thirdly, mergers and partnerships in the liner shipping companies have allowed the 
deployment of ever larger and fewer vessels, with a primary motivation to reduce 
operations cost through economies of scale. However, this concentration within the 
liner shipping industry has increased the potent impact of a move by a major port user 
on the port’s traffic. Coupled with advances in logistical systems that lead to the 
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overlapping hinterlands of ports, the port industry faces heighten competition that 
entails the need for greater efficiency in ports (particularly, landside technological 
improvement will be required to reduce the waste or relieve bottlenecks at landside 
operations) and an ability to meet the changing demands of liner shipping companies. 
Nonetheless, Low et al. (2009) noted that the hub-and-spoke systems of operations in 
the liner shipping companies has also opened up co-operation opportunities for port to 
engage in collaborative efforts. Besides the port and maritime industry, the economy at 
large will also benefit from such scale increases and collaborative efforts in the process.  
Fourthly, with the advancements of communication and transportation 
technologies that transcend time and space, the business competition will be in the 
global market in the coming decades. Despite the intensification of competition, more 
benefits can expected to be reaped from the scale of global industry that includes 
product design, manufacturing, orders processing, transportation, retailing and other 
miscellaneous service sectors. At the same time, greater emphasis will be placed on 
maritime trade strategy that optimizes the routing decisions of the entire value chain, 
spanning across geographical boundaries and comprising multiple transport modes. 
Naturally, ports as a component of the logistics chain will also have a more significant 
role to play a key role in export competitiveness, exports and import prices, as well as, 
the overall competitiveness of an economy.  
Last but not least, port city development may cause land-use confliction, 
environment pollution and transportation congestion. We see that unrestrained 
investment may not be a good strategy as seen in the case of the Japanese ports, where 
there are insufficient traffic and excessive capacity. Instead of being overly port 
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centered, a lot of other factors will need to be considered as well. For example, Hong 
Kong, having a high population density, high labor cost, limited inland space and traffic 
capacity, may face problems related to (noise and air) pollutions, congestions and 
financial impediments in its future development. In Japan, private transport is very 
expensive and public transportation is often too crowded. Nevertheless, the impact of 
the latter in terms of pollution and traffic congestion is less severe on a per head basis. 
In Korea, traffic congestions have resulted in long hours of jams during peak period. 
For the developing countries like India, Pacione (2006) highlighted problems such as 
the inadequacy of infrastructure (i.e., safe drinking water, hygienic sewage and low cost 
housing), inability to handle natural disasters (i.e., flooding) and control environmental 
pollution (gaseous emissions). It may be fortunate for China, who has benefited from 
the experiences of these developed countries, to construct an artificial port totally on the 
sea far away from the Shanghai city.  Such decision not only helps to alleviate problems 
related to congestions and pollution, it also effectively solves the problem that the water 
near Shanghai city is not deep enough for large vessels. Another alternative to reduce 
environmental pollution in the port city is the development of dry port. The dry port 
concept is based on a seaport directly connected by rail with inland intermodal 
terminals where shippers can leave and/or collect their goods in intermodal loading 
units as if directly at the seaport (Roso 2007). 
3.4 Summary 
This chapter tracks maritime trade evolution in Asia from the thirteenth centuries 
to the post-World War II, with an analysis of the recent developments in some of the 
Asian major ports. Additionally, the chapter highlights some possible opportunities and 
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threats facing the future developments of the port and maritime industry in Asia. We 
conclude the chapter with our beliefs that growths in the Asia’s economy and its 
maritime trade are promising.  
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Chapter 4 Intermodal Analysis on China-Indian Ocean Line 
This chapter aims at presenting an intermodal transportation network for China-
Indian Ocean Line through an analysis of the geographical topology and feasible 
intermodal transportation options in Southeast Asia and South Asia. An intermodal 
transportation network connecting Shanghai and Shenzhen to four Indian destinations 
(New Delhi, Calcutta, Visakhapatnam and Mumbai) is constructed. Shanghai and 
Shenzhen represent two major manufacture centers in China. The four destinations in 
India are delicate transit nodes for cargoes to different districts. In particular, Calcutta is 
an important port on eastern coast of India which transit goods to north market of India 
as New Delhi, while Visakhapatnam transits freight to south market of India as 
Bangalore. Mumbai is a large hub transshipping freights to European market through 
Suez Canal.  
All data on each possible intermodal links (i.e., length, freight charge, handling 
cost, transit time and transit time variability) are collected from industry and 
government agencies. A data analysis is operated to verify the accuracy and integrity of 
the data. To equate different scales and units, normalization is operated to the original 
data, i.e., total cost, transit time and transit time variability.  
4.1 Intermodal Network from China to Indian Ocean 
The geographical and feasible routes from China to India Ocean are provided in 
Figure 4.1. The detailed intermodal components in the respective routes along the 
China-Indian Ocean line are illustrated in Figure 4.2.  
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Figure 4.1 Routing competition in South and Southeast Asia, compiled from 
www.mapsotworld.com 
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Figure 4.2 Intermodal network of China-Indian Ocean line 
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The transportation network from China to Indian Ocean contains 36 routes (i.e., 
combination of links) from Shanghai and Shenzhen to Calcutta, Visakhapatnam, New 
Delhi and Mumbai, going through one or more of the seven transshipment nodes (i.e., 
Singapore, Kunming, Lashio, Yangon, Akyab, Suratthani and Phuket) within the 
intermodal network. Of these 36 routes, routes 1 to 34 are feasible and existing routes in 
the intermodal transportation network. 
The optimization of intermodal transportation network involves significant trade-
off between cost and service. Two virtual routes, as exemplified by routes 35 and 36, 
are included to analyze the continuity of current transportation pattern in Asia. Owing to 
the special geographical topology in Southeast Asia and South Asia, the realizations of 
these virtual routes may change the current transportation patterns in Asia. More 
specifically, virtual route 35 contains 2 virtual links (i.e., Shanghai to Calcutta and 
Shenzhen to Calcutta). It is basically a railway that crosses Nepal, northeast of India and 
Bangladesh. This route, by directly linking Tibet in the southwest part of China to 
Calcutta in northeast part of India, will dramatically reduce the total transportation 
distance and bypass the need for inter-modal transfer. Meanwhile, route 36 is the 
waterway linking Suratthani and Phuket. With a canal constructed cross Thailand, 
vessels will be able to cross the thinnest land in Southeast Asia to Indian Ocean, and 
thus benefitting many shippers in China, Japan and Korea.  
Route 1 and 2 illustrated in Figure 4.2 are the maritime paths from Shanghai and 
Shenzhen to Singapore respectively. Route 3 is maritime line from Singapore to 
Calcutta, on the eastern coast of India. Route 4 is the land transport from Calcutta to 
New Delhi. Route 5 is the maritime path from Singapore to Visakhapatnam, on the 
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southeast coast of India. Route 6 is the maritime transport from Singapore to Mumbai. 
Route 7 and 8 are the land paths from Shanghai and Shenzhen to Kunming, in Yunnan 
province of China, and route 9 is from Kunming to Lashio. Route 10 is from Lashio to 
Yangon, Myanmar by rail. Route 11 is from Lashio to Akyab, a Myanmar port on the 
northwest coast, by truck. Route 12 and 13 are the maritime ways from Akyab to 
Calcutta and Visakhapatnam respectively. Route 14 and route 15 link Yangon to 
Calcutta and Visakhapatnam respectively. Route 16 and route 17 are maritime paths, 
linking Shanghai and Shenzhen to Suratthani8. Route 18 is the land transport from 
Suratthani to Phuket9. Route 19, 20 and 21 are maritime paths from Phuket to Calcutta, 
Visakhapatnam and Mumbai respectively. Route 22, 23, 24 and 25 are air transportation 
from Shanghai directly to Calcutta, Visakhapatnam, New Delhi and Mumbai 
respectively. Route 26, 27, 28 and 29 are air transportation from Shenzhen to Calcutta, 
Visakhapatnam, New Delhi and Mumbai respectively. Route 30 and 31 are land 
transportation from Shanghai and Shenzhen to New Delhi. Route 32 33 and 34 are the 
rail transportation from Calcutta to Visakhapatnam, Visakhapatnam to Mumbai and 
Mumbai to New Delhi.  
4.2 Feasible Intermodal Transportation in Southeast Asia and South 
Asia 
The intermodal network illustrated in Figure 4.1 and Figure 4.2 includes rail, truck, 
air, ocean and inland waterway transport cross China, Myanmar, India, Thailand and 
                                                 
8 Suratthani is an eastern coast port of Thailand 
9 Phuket is a port on the western coast of Thailand 
 
 
68
Singapore. In this section, the feasible intermodal transportation routes in Figure 4.2 are 
analyzed in detail.  
The transport terrain of Myanmar is illustrated in Figure 4.3. The bold red line in 
Figure 4.3 is a road way from Kunming, the capital city of Yunnan province of China, 
through Lashio, an important town in northeast Myanmar, and to Akyab, the port city 
on the west coast of Myanmar. The shipping distance from Akyab to east coast ports of 
India such as Vishakhapatnam, Calcutta and Bhubaneswar is short, and hence may be 
operated by short sea shipping. Herein, the road from Kunming to Lashio is the famous 
Burma Road in World War II, through which British suppliers transported large 
quantity of goods to support China fight with Japan. Burma Road is built by British 
government and Chinese workers in the early 20th century, when Myanmar and India 
are all colonies of Britain. During that time, British suppliers may land on Yangon, and 
transport the goods by railway to Lashio, and by road to Kunming. This famous line is 
illustrated by the bold black line in Figure 4.3. With the development over more than a 
century, the Burma Road in Yunnan province of China is an express highway with good 
transportation quality. This highway directly links Myanmar to Guangdong and 
Guangxi province, which are the centers of Chinese manufacturing industry. Besides, a 
railway linking Kunming to Yangon is under construction. 
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Figure 4.3 Intermodal transport conditions in Myanmar 
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The railway and road transportation maps of China are illustrated in Figure 4.4 and 
Figure 4.5. Chinese railway and road transportation systems have undergone dramatic 
development in the past 30 years until today. Railway and road networks represent 
convenient routing to transport cargoes from Shanghai and Shenzhen to Kunming.  Rail 
container transport in China is dominated by three carriers: CRCT, COSCON and 
OOCL. These carriers provide similar service in the Chinese market. 
 
 
Figure 4.4 China railway network 
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Figure 4.5 China road network 
Figure 4.6 shows the India’s railway network map. The four destinations (New 
Delhi, Calcutta, Visakhapatnam and Mumbai) are highly connected to each other by 
railways.  The bold red lines in Figure 4.6 illustrate the short shipping ways from 
Myanmar (Akyab and Yangon) to the three ports on eastern coast of India (Calcutta, 
Visakhapatnam and Cuttack). The complex transportation networks of China, India and 
Myanmar provide a large number of possible routes and scheduling from China to India. 
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Figure 4.6 India railway network 
Thailand is a special district in Southeast Asia owing to its narrow land bridge 
connecting the Malay Peninsula with the mainland of Asia. From Thailand map in 
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Figure 4.7, this is a short-distance flatland with a river crossing its west and east coast. 
Therefore, it may be applicable to construct a canal from Suratthani to Phuket. Phuket 
serves as a gateway to the Southern Thailand. While improvement to transport links has 
increased the accessibility of the ports, it would benefit most vessels from China, Japan and 
Korea to Indian Ocean if a canal is to be built between Suratthani and Phuket. The 
construction of the canal may probably dominate other existing routes that link south 
China to Indian Ocean. For the analysis of current real routes, we consider the red line 
in Figure 4.7 as a sea-land-sea freight, which is also a competitive route for the 
convenient express road from Suratthani to Phuket.  
 
Figure 4.7 Sea-land-sea way from South China to Indian Ocean via Thailand 
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4.3 Data Collection and Findings 
The original freight rates and transportation time of all important carriers are 
collected from JCtrans (www.jctrans.net). JCtrans is the most famous logistics 
integrated portals in Asia. According to Alexa (a reputable website ranking institution), 
JCtrans has been ranked the Number 1 logistics websites in Asia for the last four years 
in succession. JCtrans provides an online platform for global freight forwarders, and has 
amassed over 30,000 members from 200 different countries. All important carriers post 
and update their freight rates every week on JCtrans. Except carriers, JCtrans’ users 
include shippers, forwarders, truckers, importer/exporters, customs brokers, students 
and institutional researchers. The air and ocean lengths are calculated from 
www.webflyer.com and www.portworld.com/map/ respectively. The rail and truck 
distances are sourced from national rail and truck schedules of several countries such as 
India, Myanmar, Thailand and China. Unlike ocean and air transport, rail and truck 
container transport in China and India are dominated by several few carriers which 
provide similar service and the transit time variability is directly from the annual report 
of these carriers. 
We collected the important carriers, which together account for 80% volume of 
business on the same line during the period covering 22nd to 28th Dec 2008. The ocean 
and air freight rates are illustrated in the Appendix. From the data in Table A-1 to Table 
A-16, the following observations are made: 
(i) For the ocean carriers on the same link, the freight rates from different carriers 
are quite different even within the same week. Table A-3 displays the ocean freight 
rates to transport a 20-foot or 40-foot container from Shanghai to Mumbai by 32 
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carriers. For example, APL may use 18 days and 800 USD to ship a dry goods 20-foot 
container from Shanghai to Mumbai, while MOL only uses 16 days and 500 USD. The 
difference of freight rate and transit time between carriers mainly due to two reasons: 
the vessel and shipping scheduling. As for APL, its target market focus on the ports 
through Asia-Europe line, and Shanghai to Mumbai is only a part of its westbound route. 
APL provides weekly service calling Dalian, Pusan, Qingdao, Shanghai, Hong Kong, 
Shekou (Shenzhen), Singapore, Colombo and Nhava Sheva (Mumbai) with 1 or 2 
waiting days at each of the ports along the way. Therefore, APL spends 18 days in total 
from Shanghai to Mumbai. Whereas for MOL, its target market is the express intra-Asia. 
Therefore, the vessels of MOL only transit at Tokyo, Shanghai, Singapore, Colombo 
and Nhava Sheva (Mumbai). In doing so, MOL only requires 16 days from Shanghai to 
Mumbai. With less transit nodes, berthing and relevant service fees are also reduced.  
Other than schedules, the different vessel characteristics are another reason for the 
difference of freight rate between carriers. For the carriers that focus on long routes, 
most of their container ships belong to “5th generation”, which may transport 6,770 to 
8,400 TEU once a time. The daily charter rate is estimated at USD 45,000. Meanwhile 
for the intra-Asia routes, the capacity of container vessels is always less than 4,000 TEU, 
with a vessel’s daily charter rate is less than USD 32,000. Besides, middle vessels 
consume less fuel and crews than large container vessels. Therefore, the 32 carriers in 
Table A-3 provide quite different freight rate and transit time for Shanghai-Mumbai line. 
Considering all the available carriers, the expected value of freight rate to transport a 
40-foot container from Shanghai to Mumbai is USD 1143, and the standard deviation is 
USD 155. The expected value of transit time is 17.3 days with standard deviation 2.6 
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days. Table A-1 to Table A-10 summarize ocean carriers’ freight rates and transit time 
on the possible routes from Shanghai and Shenzhen to four Indian destinations. The 
intermodal network optimization in the next chapter utilizes the expect value of data. 
(ii) Freight rates may change dramatically from the bull time to depression time of 
economy. The average ocean freight rate of Asia-Europe decreased 30.8% from June 
2008 to October 2008. Freight rate volatility stems mainly from the volatility of oil 
price, world import and export demand, world economy and finance conditions. From 
June 2008 to October 2008, the oil price decreased from USD 154 to USD 30 per barrel. 
As the finance crisis in US further shocked world’s import and export demand, the 
container freight rate decreased 30.8% from June to October 2008. This research 
assumes that economic factor has similar influences on the freight rates of all the 
optional routes and hence focuses only on the competition of several major routes in a 
specific time period. 
(iii) The ocean freight rate is not directly proportional to the length of the route. 
This observation is illustrated in Table A-6. The average freight rate to ship a 20-foot 
container from Shenzhen to Mumbai is USD 583.5, and the shipping distance is about 
6240 km. While illustrated in Table A-5, the average freight rate to ship a same 
container from Shenzhen to Calcutta is USD 671, and the shipping distance is only 
5087 km. The longer shipping distance always leads to higher fuel consumption and 
higher cost. However, service demand and supply is another factor affects freight rate. 
China to west coast of India is the critical part on Asia-Europe route, which faces more 
transportation demand in the market than China to east coast of India. More than 30 
carriers provide shipping service from China to west coast of India. In comparison, only 
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about 10 carriers transport cargoes from China to east cost of India. Besides, fewer 
vessels with lower service frequencies serve this line than those sailing from China to 
the western coast of India. Therefore, even Shenzhen to Calcutta has shorter shipping 
distance than to Mumbai, its average ocean freight rate is higher than to Mumbai. 
Since air transportation mainly transport the cargoes with high value and low 
weight, the air freight rate is measured by USD/kilogram. The average payload of a 20 
feet and 40 feet container is 21700 kilograms and 25800 kilograms respectively. 
Therefore, the average freight rate to transport a container from China to India is about 
USD74401 ~ USD 84771, as illustrated in Table A-11 to Table A-16. 
 4.4 Data Verification 
This subsection proposes an estimation of the shipping cost to verify the accuracy 
and integrity of the collected data. For air and railway transportation, the transit time 
and freight rates are determined by the invariable factors, consequently close to constant 
values. In this section, the collected ocean carriers’ transit time and freight rates are 
verified. The estimation identifies the shipping cost of a 40-foot container according to 
vessels’ charter rate, crew, fuel, insurance, handling and service cost.  
4.4.1 Transit Time Verification 
The average navigating speed from China to Indian Ocean is executed at 24 knots. 
Verny and Grigentin (2009) indicated that the trend in 2007-2008 has been set to sail at 
20 knots to conserve energy. The analysis in this research  assumes the navigating speed 
is 20 knots, which is somewhat equivalent to 37.04km/h. Based on the navigating 
distance on www.portworld.com/map/, the sailing time can be calculated. Table 4.1 
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illustrates the estimated sailing time, berth time, total transit time and the total transit 
time provided by ocean carriers on each ocean route from Shanghai and Shenzhen to 
three ports in India. It is supposed that the vessel will stay 48 hours at the origin and 
destination, and 24 hours at each of the passing intermediate ports on a voyage.  
In Table 4.1, the average transit time provided by ocean carriers and the estimated 
time are close to each other, that all estimated time values locate in the carriers’ time 
ranges. Only for the case Shenzhen to Visakhapatnam, the estimated time value is a 
little more different with the carrier’s value. The reason may be that, only MSK 
provides direct shipping service from Shenzhen to Visakhapatnam (Appendix Table A-
8). From the estimation and analysis, it appears that the ocean transit time data collected 
from carriers make sense.  
Table 4.1 Estimated transit time and ocean carriers’ transit time 
Start 
node End node 
Length
(km) 
#Sail 
Time 
(hours)
Berth 
Time 
(hours) 
*Estimate 
Time 
(hours) 
†Carriers’ 
Time 
(hours) 
Shanghai Mumbai 7317 198 216 414 415 (62) 
Shanghai Visakhapatnam 5946 161 168 329 319 (15) 
Shanghai Calcutta 6200 167 216 383 375 (26) 
Shenzhen Calcutta 5087 137 144 281 259 (31) 
Shenzhen Visakhapatnam 4833 130 144 274 240 
Shenzhen Mumbai 6240 168 144 312 271 (38) 
#Length divided by sailing speed (20 knots=37.04km/h) 
*Sum of Sail time and Berth time 
†Average transit time and stand deviation provided by carriers, refers to Appendix 
4.4.2 Charter Rate 
Table 4.2 illustrated the charter rates of various vessels from 2000 to 2007. The 
data sourced from Drewry’s Annual Container Market Review and Forecast (Drewry 
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2007), depicted that the charter market is highly volatile. A 3,500 TEU standard 
container ship which could be chartered for USD 14,425 a day in 2002 would have seen 
its rate as high as USD 30,350 a day in 2006, and leveled out at around 24,350 in 
January 2007. The volatility of charter market can be explained by the dynamic 
economy, price of raw materials and modern technologies. The volatility of economy is 
a source of instability in the balance between supply and demand. Since world’s import 
and export markets fluctuate with economy, vessel’s charter rates, which depend on the 
demand of import and export, also fluctuate with world economy.  
Table 4.2 Charter rates of 2000-2007 (USD/day) 
 TEU 500 1,000 1,500 2,500 3,500 
 Dwt 8,000 13,500 22,000 35,000 40-45,000 
 Type rate % rate % rate % rate % rate % 
2000  4,550 9.0 7,700 22.7 11,625 63.7 18,094 39.5 24,025 4.5 
2001  4,475 -1.6 7,425 -3.6 9,475 -18.5 14,700 -18.8 19,325 -19.6
2002  4,475 0.0 6,075 -18.2 7,200 -24.0 10,325 -29.8 14,425 -25.4
2003  4,975 11.2 8,050 32.5 11,750 63.2 17,825 72.6 23,675 64.1
2004  7,075 42.2 13,025 61.8 20,200 71.9 26,500 48.7 31,575 33.4
2005  9,175 29.7 15,825 21.5 25,275 25.1 29,825 12.5 30,350 -3.9
2006  7,525 -18.0 11,350 -28.3 15,800 -37.5 21,450 -28.1 25,700 -15.3
            
2006 Q1 7,780 -3.0 11,630 -14.0 16,810 -8.0 21,390 -12.7 27,000 -9.2
 Q2 8,000 2.8 11,600 -0.3 17,400 3.5 22,500 5.2 27,750 2.8 
 Q3 7,600 -5.0 11,300 -2.6 16,250 -6.6 21,950 -2.4 25,000 -9.9
 Q4 6,750 -11.2 10,900 -3.5 12,750 -21.5 20,000 -8.9 23,000 -8.0
2007 Q1 7,300 8.1 10,350 -5.0 13,400 5.1 20,250 1.3 24,350 5.9 
 Q2 8,050 10.2 11,325 9.4 14,500 8.2 24,500 21.0 30,000 23.2
Source: Drewry 
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In 2008, even with financial crisis, the intra-Asian trade continues to remain 
buoyant, and most of the regional players have continued to be active in upgrading their 
services in the last quarter of 2008. Demand for 1,500/1,700 TEU size ships would 
appear to be reasonably strong. From the data in Table 4.2, suppose a 2,500 TEU size 
vessel served for China-Indian Ocean line in the second quarter of 2007, its charter rate 
would be 24,500/2,500=9.8 USD/TEU/day. Since the average transport time from 
Shanghai to Mumbai is 17.3 day (as illustrated in Table A-3), the charter fee on this line 
would be 17.3×9.8=169.54 USD/TEU. In computation, the charter fee of a 40-foot 
container (2 TEUs) from Shanghai to Mumbai would be USD 339. 
4.4.3 Crew and Fuel 
According to Drewry (2007), a 2,500 TEU vessel required a crew of 18, and the 
monthly cost of 18 crews would be USD 100,000. The labor cost are quantified at the 
lowest reasonably conceivable level. Since the average transport time from Shanghai to 
Mumbai is 17.3 day (as illustrated in Table A-3), the crew fee on this line would be 
17.3×100,000/30=57,667 USD. Hence, the crew fee of a 40-foot container (2 TEUs) 
from Shanghai to Mumbai would be 57,667/2,500×2= USD 46.1. 
A 2,500 TEU ship with a conventional hull and 35,000 gross tonnages will burn 90 
tons of fuel a day. Vessels always consume two kinds of fuel: IFO (Intermediate Fuel 
Oil) and MDO (Marine Diesel Oil). MDO is a lighter distillate than IFO. IFO is the 
major fuel for navigation at sea, while MDO is used for the auxiliary engines when 
approaching to ports. IFO 380 fuel costs USD 420 per tones, and MDO costs USD 717 
per ton (the Rotterdam index value recorded on Bunker World in February 2008). The 
MDO consumption represents 2% of the daily cost of heavy fuel oil. Basing the data 
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above, a 2,500 TEU ship’s daily fuel cost would be 90×98%×420+90×2%×717= USD 
38,335. The fuel cost per TEU would be 38,335/2,500=15.3 USD/day/TEU. Similar, a 
40-foot container from Shanghai to Mumbai will cost fuel 15.3×17.3×2= USD 529. 
4.4.4 Insurance 
Shipping insurance covers three categories: hull, cargo and marine liability. 
Handled by commercial insurers, hull and cargo insurances compensate the assured for 
the loss of or physical damage to a vessel or the cargoes it carries. Cargo insurance cost 
is computed as proportion of freight value. Table 4.3 illustrated the insurance rates of 
major commodities in three modes, sourced from P.A.F Cargo Insurance.  
Table 4.3 Insurance rate of major commodities (% of the freight value) 
Commodity Category Land Ocean Air 
General Merchandise 1.00 0.87 0.81 
New or Used Machinery 1.00 0.87 0.81 
Household Goods 2.80 2.59 2.49 
Fragile Goods 4.75 4.55 3.22 
Computers/Electronics 1.65 1.92 1.67 
Fine Arts 2.80 2.59 2.49 
Motorcycles & Autos 1.65 2.12 1.87 
Precision Instruments 2.15 1.92 1.67 
Chemicals/Hazardous Mat. 1.50 1.07 0.92 
Steel Sheets, Coils & Bars 1.28 2.85 1.87 
Branded Goods 1.45 1.07 0.92 
Non Perishable Food 1.40 0.87 0.81 
Bottled Beverages 1.45 1.07 0.82 
Bottled Products/non beverage 1.40 0.87 0.81 
Frozen Foods (excluding meat) 2.15 2.00 1.62 
Frozen Meats 2.25 2.64 1.75 
Yachts 1.80 1.44 1.06 
Jewelry (all types) 7.00 for all risk 5.00 5.00 5.00 
Source: P.A.F Cargo Insurance 
Marine liability insurance is provided by P&I Clubs, which cover a wide range of 
liabilities including personal injury to crew, passengers and others on board, oil 
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pollution, wreck removal and dock damage. P&I Clubs also provide a wide range of 
services to their members on claims, legal issues and loss prevention, and play a leading 
role in the management of casualties. P&I Clubs guarantee that the owner will not be 
deprived of the operating revenue from the vessel due to confiscation. Based the data in 
Drewry (2007), P&I insurance of a 2,500 TEU containership from China to India is 736 
USD/day. Since transit time from Shanghai to Mumbai is about 17.3 days, P&I 
insurance rate from Shanghai to Mumbai would be around 17.3×736/2500=5 USD/TEU. 
4.4.5 Handling Cost 
Handling costs includes tariff, loading, unloading, packing, consolidation, import 
documentation and license fee, warehouse charge at seaport, and airport usage charge. 
The port tariff of a 3,000 TEU container ships is summarized in Tables 4.4. The tariff 
structures of 21 ports in 17 countries across the Asia and Pacific region are investigated 
by Korea Maritime Institute and ESCAP (Economic and Social Commission for Asia 
and the Pacific).   
In terms of the total port costs based on nominal exchange rates, a 3,000 TEU size 
hypothetical containership costs least in developing countries’ ports such as Shanghai, 
Tianjin (China); Mumbai, Madras (India); Jakarta (Indonesia); Yangon (Myanmar); 
Karachi (Pakistan); Manila (Philippines); Colombo (Sri Lanka); Bangkok, Laem 
Chabang (Thailand); and Saigon (Viet Nam).  The port of Yokohama appears to be the 
highest among 21 ports included in the analysis, as charged in nominal United States 
dollar terms. The cost in Hong Kong, Singapore and Sydney are also more than three 
times as high as the ports in developing countries. The reason would be that port tariff 
levels based on PPP (Purchasing Power Parity) rates are relatively higher than those 
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based on nominal exchange rates. The ports of the developing countries levy higher port 
tariff levels than those that would be appropriate under their existing general price 
levels. Another finding in this study is that the total port costs for the 1,100 TEU 
hypothetical containership shows very similar results to those of the 3,000 TEU 
containerships. This implies that the larger containership saves more tariffs on each 
TEU. The Tariff per TEU is also illustrated in Table 4.4.  
Table 4.4 Port tariff of a 3,000 TEU containership 
Country Ports Tariff (USD) Tariff/TEU (USD) 
Australia Sydney 181,991 61 
Shanghai 84,033 28 China Tianjin 75,706 25 
Hong Kong, China Hong Kong 205,000 68 
Taiwan, China Kaohsiung 123,926 41 
Mumbai 92,429 31 India Madras 93,663 31 
Indonesia Jakarta 77,819 26 
Osaka 144,746 48 Japan Yokohama 359,882 120 
Malaysia Klang 68,928 23 
Myanmar Yangon 189,935 63 
New Zealand Auckland 132,250 44 
Pakistan Karachi 92,883 31 
Philippine Manila 51,848 17 
Korea Busan 92,535 31 
Singapore Singapore 157,459 52 
Sri Lanka Colombo 132,149 44 
Bangkok 63,424 21 Thailand Laem Chabang 63,769 21 
Vietnam Saigon 81,836 27 
Source: Comparative Analysis of Port Tariffs in the ESCAP Region (2002) 
4.4.6 Estimated Ocean Freight Rate  
Table 4.5 summarizes all the costs in charter, crew, fuel, P&I insurance and tariff 
of a 40-foot container from China to India. Compared with freight rate sourced from 
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carriers, the estimated freight rate is USD 100- USD 500 lower. Since the estimated cost 
listed here does not include maintenance cost, hull and cargoes insurance, management 
and sundry expenses, and transit inventory cost, the lower estimation is reasonable. 
Therefore, it can be concluded the collected freight rates from industry make sense. 
Table 4.5 Estimated and carriers’ ocean freight rate of a 40-foot container 
 SH-MB SH-CA SH-VIS SZ-MB SZ-CA SZ-VIS 
†Transit time 
(day) 17.3 15 13.3 11.3 10.8 10 
*Charter (USD) 339.08 294 260.68 221.48 211.68 196 
Fuel (USD) 529.38 459 406.98 345.78 330.48 306 
Crew (USD) 46 40 35 30 29 27 
**P&I Insurance 
(USD) 10 9 8 7 6 6 
Tariff (USD) 120 120 120 120 120 120 
Estimated cost 
(USD) 1045 922 831 724 697 655 
Carriers’ freight 
rate (USD) 
1143 
(155) 
1315 
(130) 
1150 
(50) 
1014.2 
(178.1) 
1300 
(116) 1100 
SH=Shanghai, SZ=Shenzhen, MB=Mumbai, CA=Calcutta, VIS=Visakhapatnam 
†Average transit time and stand deviation from carriers, illustrated in Appendix. 
*Calculated based on a daily cost of 24,500 USD for a 2,500 TEU containership, as 
illustrated in 4.4.2. 
** Calculated based on a daily cost of 736 USD for a 2,500 TEU containership from 
China to India. 
4.5 Freight Rate of Virtual Routes 
Other than the existing links, the analysis takes into account of possible links that 
may alter the current landscape. Route 35 in Figure 4.2 is a railway that crosses Nepal, 
northeast of India and Bangladesh. This route, by directly linking Kunming in the 
southern part of China to Calcutta in the north of India, dramatically reduces the total 
transportation distance. Meanwhile, route 36 in Figure 4.2 is the water way linking 
Suratthani and Phuket. With a canal constructed cross Thailand, vessels will be able to 
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cross the thinnest land in Southeast Asia to Indian Ocean, and thus benefitting many 
shippers in China, Japan and Korea.  
The transit time of virtual canal linking Suratthani and Phuket is assumed based on 
Suez Canal, which is 193km long with an average passing time 15 hours. Therefore, it 
can be estimated that the average passing time of the 170km virtual canal linking 
Suratthani and Phuket is 10 hours. In fact, the physical feature from Suratthani to 
Phuket is a flat plain. Thus, it may be more convenient for vessels to pass in high speed 
along this hypothetical virtual canal than Suez Canal.  
The freight rate of the virtual canal is assumed based on Suez Canal and Panama 
Canal. The report of R.K. Johns & Associates Inc in 2005 indicated that an average 
Panamax containership (4,300 TEU) pays in tolls (excluding ancillary fees) about 56 
UDS per TEU per transit at full capacity. In comparison, a smaller containership (2,200 
TEU), which is more prevalent on shorter Suez rotations such as the Middle East / India 
trade with the Mediterranean, pays just under 174,000 USD per transit, 80 USD per 
TEU of capacity. An 8,000 TEU vessel, the newest generation of post-Panamax ships 
being deployed in the Asia-Europe trades, will be charged nearly 400,000 USD per 
transit, or the equivalent of 50 USD per TEU. Since the most popular containership on 
China-India line is 2,500 TEU, the subsequent analysis will assume that the canal transit 
fee from Suratthani to Phuket is USD 80 per TEU. 
Another virtual way is the railway directly linking Shanghai and Shenzhen to 
Calcutta. The current railways can directly link Shanghai and Shenzhen to Lhasa (the 
capital city of Tibet, China), but no railway is available from Lhasa to Calcutta. The 
railway from Shanghai to Lhasa is 4373 kilometers with 80 hours transit time. From 
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Shenzhen to Lhasa, the railway covers 5127 kilometers and 96 hours. From Lhasa to 
Calcutta, it currently has a 1010 kilometers road passing Naiduila, a mountain pass 
connecting Tibet's Yadong County to Sikkim. To estimate the freight rate and transit 
time of the virtual railway, it is assumed that the virtual railway linking Lhasa to 
Calcutta is also 1010 kilometers long.  
Bookbinder and Fox (1998) stated that different links on a complete route, using 
the same transportation mode, may have similar fixed cost and cost per unit-distance. 
Since the railway freight rate to transport a 40-foot container 5127 kilometers (from 
Shenzhen to Lhasa) is 1820 USD, and 1590 USD for 4373 kilometers (from Shanghai 
to Lhasa), the fixed cost and cost per unit-distance can be calculated as 256 USD and 
0.305 USD/km. These identified two parameters are substituted into the linear equation 
to identify the freight rate of the 1010 kilometers virtual railway from Lhasa to Calcutta. 
In this way, the railway freight rate of a 40-foot container from Shanghai and Shenzhen 
to Calcutta can be calculated as 0.305×5383+256=1898 USD and 0.305×6137+256 
=2128 USD respectively. 
The virtual railway may be constructed from Lhasa to Yadong, a county on 
China’s border at the south tip of Tibet, and from Yadong crosses Bhutan, Bangladesh 
to Calcutta in India. This virtual railway should pass through a 1010 kilometers long 
frozen earth on Tibet Plateau, which poses the most difficult problem to construction.  
The 1629 kilometers railway from Chengdu (the capital city of Sichuan province, China) 
to Lhasa, which also includes 550 kilometers frozen earth way and requires 48 hours in 
transit. Another problem is the virtual railway should pass four countries. This implies 
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that extra time has to be spent for crossing border procedures. Therefore, the transit time 
of the 1010 kilometers virtual railway is assumed to be six days.  
4.6 Normalization 
We summarize all data on possible links, i.e., length, freight charge, handling cost, 
transit time and transit time variability of each intermodal link in Table 4.6. The total 
cost is obtained as the sum of freight charges (i.e., transportation cost caused by fuel, 
human resources and charter of vehicles), handling cost (including tariff, loading, 
unloading, packing, consolidation, import documentation and license fee, warehouse 
charge at seaport and airport usage charge), inventory cost and insurance. The virtual 
routes are indicated by asterisk * in the Table.  
Table 4.6 Cost and time data for each intermodal link 
Start node End node Mode Length(km) 
Freight 
charge
(USD) 
Handling 
cost 
(USD)† 
Time 
(hours) 
Transit 
time 
variability 
(hours) 
Shanghai Kunming Rail 2910 415 50 49 10 
Shanghai Kunming Truck 3207 458 50 96 12 
Shanghai Suratthani Ocean 2952 600 50 106 14 
Shanghai Mumbai Ocean 7317 1143 62 415 62 
Shanghai Visakhapatnam Ocean 5946 1150 62 320 60 
Shanghai Calcutta Ocean 6200 1315 62 360 26 
Shanghai New Delhi Air 4241 74552 100 7.3 1.1 
Shanghai Calcutta Air 3380 84771 100 10 0.8 
Shanghai Visakhapatnam Air 3883 80000 100 10 0.8 
Shanghai Mumbai Air 5020 74401 100 7.3 0.8 
*Shanghai Calcutta Rail 5479 1898 175 427 82 
Shenzhen Kunming Rail 2199 314 50 25 4 
Shenzhen Kunming Truck 1706 283 50 72 16 
Shenzhen Suratthani Ocean 1890 450 50 84 17 
Shenzhen Calcutta Ocean 5087 1300 62 260 31 
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Shenzhen Visakhapatnam Ocean 4833 1100 62 250 50 
Shenzhen Mumbai Ocean 6240 1014 62 278 38 
Shenzhen New Delhi Air 3730 70938 100 10.7 0.9 
Shenzhen Calcutta Air 2610 79151 100 11.3 1 
Shenzhen Visakhapatnam Air 3774 77000 100 10 0.8 
Shenzhen Mumbai Air 4260 72559 100 7.3 0.5 
*Shenzhen Calcutta Rail 4886 2128 175 480 82 
Kunming Lashio Truck 786 150 50 44 20 
Lashio Yangon Rail 936 300 20 30 12 
Lashio Yangon Truck 936 200 20 50 18 
Lashio Akyab Truck 710 200 20 60 24 
Akyab Calcutta Ocean 510 350 62 48 10 
Akyab Visakhapatnam Ocean 693 400 62 48 10 
Yangon Calcutta Ocean 790 400 62 48 6 
Yangon Visakhapatnam Ocean 1283 400 62 48 6 
Suratthani Phuket Truck 262 300 62 120 24 
*Suratthani Phuket Ocean 170 10 50 10 5 
Phuket Calcutta Ocean 1930 500 62 48 10 
Phuket Visakhapatnam Ocean 1793 450 62 48 10 
Phuket Mumbai Ocean 3556 550 62 96 18 
Calcutta New Delhi Rail 1449 211 40 18 6 
Calcutta Visakhapatnam Rail 798 118 40 9 4 
Visakhapat
nam Mumbai Rail 1365 300 40 40 6 
Mumbai New Delhi Rail 1385 204 40 16 6 
* denotes virtual routes 
† Source: Comparative Analysis of Port Tariffs in the ESCAP Region (2002). 
We also assume that, for land transportation mode on the same link, different 
carriers have similar price and service levels. This is logical in view that the courier 
industry and its services are competitive and homogenous. While we note that truck or 
rail carriers on the same link are few, freight rate data provided by several major land 
transportation carriers reflect the general fluctuations of freight rates across economic 
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periods. However, for the ocean or air carriers on the same link, the freight rates are 
much different even within the same week. Therefore, the ocean and air freight rates are 
taken to be the expected value of some important carriers which account for more than 
80 percent of the total volume of business on the same line during the period covering 
22nd to 28th Dec 2008. Although the freight rates may change dramatically from the bull 
time to depression time of economy, we assume economic factor has similar influences 
on the freight rates of all the optional routes and hence it suffices to focus only on the 
competition of several major routes in a specific time period. 
Since the cost, time and time variability are measured in different units and scales, 
and the data displays seemingly dissimilar order of magnitudes, cost, time and time 
variability data in Table 4.6 needs to be normalized by dividing each class’s max value 
respectively. Considering that the air data exhibits a much different distribution with 
ocean and land data, such normalization procedure will retain the original distribution 
and transform all cost, time and time variability data into positive value between 0 and 1. 
Table 4.7 gives the data after normalization. 
Table 4.7 Normalized cost and time data for each intermodal link 
Start node End node Mode Normalized total cost 
Normalized 
transit time 
Normalize
d transit 
time 
variability
Shanghai Kunming Rail 0.004896 0.102083 0.121951 
Shanghai Kunming Truck 0.005403 0.2 0.146341 
Shanghai Suratthani Ocean 0.007078 0.220833 0.170732 
Shanghai Mumbai Ocean 0.013483 0.864583 0.756098 
Shanghai Visakhapatnam Ocean 0.013566 0.666667 0.731707 
Shanghai Calcutta Ocean 0.015512 0.75 0.317073 
Shanghai New Delhi Air 0.879452 0.015208 0.013415 
Shanghai Calcutta Air 1 0.020833 0.009756 
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Shanghai Visakhapatnam Air 0.943719 0.020833 0.009756 
Shanghai Mumbai Air 0.87767 0.015208 0.009756 
*Shanghai Calcutta Rail 0.02239 0.889583 1 
Shenzhen Kunming Rail 0.003704 0.052083 0.04878 
Shenzhen Kunming Truck 0.003338 0.15 0.195122 
Shenzhen Suratthani Ocean 0.005308 0.175 0.207317 
Shenzhen Calcutta Ocean 0.015335 0.541667 0.378049 
Shenzhen Visakhapatnam Ocean 0.012976 0.520833 0.609756 
Shenzhen Mumbai Ocean 0.011962 0.579167 0.463415 
Shenzhen New Delhi Air 0.836819 0.022292 0.010976 
Shenzhen Calcutta Air 0.933704 0.023542 0.012195 
Shenzhen Visakhapatnam Air 0.908329 0.020833 0.009756 
Shenzhen Mumbai Air 0.855941 0.015208 0.006098 
*Shenzhen Calcutta Rail 0.025103 1 1 
Kunming Lashio Truck 0.001769 0.091667 0.243902 
Lashio Yangon Rail 0.003539 0.0625 0.146341 
Lashio Yangon Truck 0.002359 0.104167 0.219512 
Lashio Akyab Truck 0.002359 0.125 0.292683 
Akyab Calcutta Ocean 0.004129 0.1 0.121951 
Akyab Visakhapatnam Ocean 0.004719 0.1 0.121951 
Yangon Calcutta Ocean 0.004719 0.1 0.073171 
Yangon Visakhapatnam Ocean 0.004719 0.1 0.073171 
Suratthani Phuket Truck 0.003539 0.25 0.292683 
*Suratthani Phuket Ocean 0.000118 0.020833 0.060976 
Phuket Calcutta Ocean 0.005898 0.1 0.121951 
Phuket Visakhapatnam Ocean 0.005308 0.1 0.121951 
Phuket Mumbai Ocean 0.006488 0.2 0.219512 
Calcutta New Delhi Rail 0.002489 0.0375 0.073171 
Calcutta Visakhapatnam Rail 0.001392 0.01875 0.04878 
Visakhapatn
am Mumbai Rail 0.003539 0.083333 0.073171 
Mumbai New Delhi Rail 0.002406 0.033333 0.073171 
*Virtual routes 
4.7 Summary 
An intermodal transportation network is proposed to connect two Chinese origins 
(Shanghai and Shenzhen) with four India destinations (New Delhi, Calcutta, 
Visakhapatnam and Mumbai). In particular, two virtual routes are proposed for further 
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examining their potential competitiveness and influence to the current transportation 
pattern in Asia. These two virtual routes are a canal crossing south Thailand and a rail 
directly linking south China to India (crossing China, Nepal, Bangladesh and India). 
This charter also analyzed and summarized the feasible and virtual intermodal 
transportation routes in Southeast Asia and South Asia. 
All data on possible links or nodes, as length, freight charge, handling cost, transit 
time and transit time variability is collected from industry sources. Freight rates have 
been collected from 33 carriers delivering cargoes from China to India, including those 
transhipments at Mumbai to Europe. According to these data, most cargoes from China 
to New Delhi, Calcutta and Visakhapatnam terminate in India. The transshipment role 
of Mumbai is also limited as the port is served by mainly direct services; with only 
about 8 percent of its container traffic is rerouted to Europe or Middle East through 
feeders. Nonetheless, as much as 40% of India’s total container traffic is transshipped at 
Singapore, 31% at Colombo and the remaining at Dubai, Port Klang and Salalah. 
An estimation of the shipping cost and time is proposed to verify the 
reasonableness of collected transit time and freight rates. The estimation identifies the 
shipping cost of a 40-feet container base on vessels’ charter rate, crew, fuel, insurance, 
handling and service cost. Freight rates of virtual routes are assumed based on the 
similar existing routes. Furthermore, normalization is operated to standardize different 
scales and units. Intermodal route can still be an option even when its rates are high, as 
long as its general performance on transit time, transit time variability and cost satisfy 
shippers’ requirement. 
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Chapter 5 Intermodal Freight Optimization Model and Scenarios 
Analysis 
In this chapter, a model is presented for carriers to select the best route and service 
for shipments through the international intermodal network, especially to meet China’s 
increasing transport demand to South Asia and Indian Ocean. Since the possible 
developments may alter the landscape of the current transportation patterns in Asia, the 
proposed model attempts to provide the competitiveness analysis of major routes and 
potential routes in Southeast Asia. The analysis focuses on the selection of the most 
optimal route to transport a full 40-foot container from a specified origin in China to a 
specified destination in India with varying emphases on transportation cost, transit time 
and service reliability. 
The goal programming model is applied to optimize routing problem of China-
Indian Ocean. The model is solved by spreadsheet and a sensitivity analysis of the 
modal is obtained. We propose 8 scenarios analysis, from Shanghai and Shenzhen to 
New Delhi, Mumbai, Calcutta and Visakhapatnam respectively.  Base on the scenarios 
analysis, discussions of several non-dominated routes and the effects of the possible 
future transportation developments are presented. 
5.1 Intermodal Freight Optimization Model 
The Intermodal freight optimization model in this study consists two parts: cost 
model and goal programming model as illustrated in Figure 5.1. The cost model 
establishes freight rate for every link in the network, including transportation cost, 
handling cost, insurance cost and inventory cost. These cost are generally based on the 
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transportation distance, transit time and commodity category. The goal programming 
model takes freight rate, transit time and transit time variability as inputs, and optimizes 
the intermodal transportation for the freight routing problem according to the objectives 
of the decision maker, the transit node compatibility and flow continuity constraints. 
The following sub-section introduces the intermodal network optimization model as an 
integrated cost and goal programming model. 
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Figure 5.1 Intermodal freight optimization model 
 
 
95
5.1.1 Intermodal Transportation Cost Modeling 
Intermodal transportation cost includes all cost incurred by a shipper in the process 
of moving goods from origin to destination, regardless of the transfer modes. Higginson 
(1993) classified shipper costs as those relevant to transportation, inventory-holding in 
transit, shipment-handling, documentation and indirect activities. The indirect activities 
here include marketing, information support and general administration. Generally, 
higher documentation and indirect costs are incurred for faster transportation mode 
owing to the less time allowable to prepare documentation and maintain the shipper’s 
logistics system. Figure 5.2 illustrates relevant cost in intermodal transportation. 
 
Figure 5.2 Intermodal transportation cost 
 Transportation cost may be expressed in four forms: (1) a function of quantity and 
freight rate pre unit-quantity; (2) a function of distance and freight rate pre unit-distance; 
(3) a function of distance, quantities and freight rate pre unit-quantity pre unit-distance; 
(4) a function of load and freight rate pre load. In this study, we only consider route 
optimization to transport a full 40-foot container from China to Indian Ocean. 
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Considering route optimization to transport a full 40-foot container from China to 
Indian Ocean, costs relevant to transportation are identified based on mode, size of 
cargo and shipping distances. Bookbinder and Fox (1998) stated that different links on a 
complete route, using the same transportation mode, may have similar fixed cost and 
cost per unit-distance as follows:  
ijkkijk ldfF +=                                                       (5.1)  
Equation (5.1) identifies unit freight rate on each link in the intermodal 
transportation network in which ijkF  is the unit freight rate from origin i  to destination 
j  by transportation mode k ; kf  is the fixed costs to transport a full 40-foot container 
by mode k ; kd  is the unit freight per-distance by mode k ; and ijl  is the distance 
between origin i  and destination j .  
In-transit inventory cost represents another major cost component that is 
determined largely by the position of inventory in the distribution system. According to 
Min (1990), inventory cost occurs in three places, the consignor, in-transit and the 
consignee. Herein, the inventory cost in consignor and consignee may be considered as 
part of manufacture inventory and sale inventory respectively. The holding cost of in-
transit inventory is mostly considered as a crucial part of cost in the whole intermodal 
transportations in the classic literature. For simplicity, we model the in-transit inventory 
cost as a function of the production value of freight in a full-40 foot container, transit 
time of the chosen transport mode and a pre-specified inventory-holding cost rate (in 
percent). Denoting ijkT as the transit time from i  to j  using transport mode k , FV as 
the freight value in the full 40-foot container, and IR as the inventory-holding cost rate 
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(i.e. the percentage of inventory cost relative to freight value), the inventory-holding 
cost ijkIIC is given by: 
IRFVTIIC ijkijk ××=                                                (5.2) 
In equation (5.2), ijkT  is influenced by factors such as distance, load weight and number 
of stops.  
Under circumstances that transit time by truck may not be clearly or directly 
identified, Chiang and Roberts (1980) proposed a Gamma probability distribution to 
estimate the transit time and its variance of the given distance, as equations (5.3) and 
(5.4). Gamma shape distribution is characteristic to approach the transit time 
distribution. It can be replicated by fitting the parameters of a Gamma distribution to the 
empirical observations which we have available. Herein, TR is expressed in days and D  
denotes distance expressed in kilometers. Robust experiments on the regular-route 
services for general freight offered by major carriers suggest that the regression 
coefficients a , b , c , and d should take on the values 21.0≈a , 0003.0≈b , 13.0≈c , 
and 003.0≈d . 
]tan[ dDcDaT bR ⋅++⋅=                                                   (5.3) 
bR DaT ⋅=)var(                                                           (5.4) 
Apart from transit time, time variability is important for a shipper to take control of 
his expected delivery date. Whilst delivery date is often quoted as the average lead time, 
high variability that jeopardize the chances of on-time delivery is undesirable. This is 
especially the case when the cargo under shipment is time sensitive such as perishable 
raw material or intermediate production inputs for Just-in-Time manufacturing system. 
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Our definition of transit time variability is congruent with conventional treatment in 
previous studies such as Jackson and Jucker(1981), Noland et al. (1998) and Cohen and 
Southworth (1999) where transit time variability is measured as a function of the 
expected travel time and time variance (i.e., standard deviation of travel time). In 
addition, we noted that Cohen and Southworth had associated the mean travel delay and 
travel time variance with the occurrences of incidents. 
Additionally, cost relating to shipment handling and insurance needs to be taken 
into account. Shipment-handling cost (mainly comprising packing and loading at the 
origin, handling in-transit shipments at a terminal and unloading at destination) may be 
represented in three ways: (1) production of a per-hour loading/unloading cost and the 
time required in handling; (2) production of handling cost per truckload and the number 
of truckloads handled; (3) a fixed charge per hundredweight per day times freight 
quantity and handling time. Since we are concerned with the intermodal transportation 
cost for a full 40-foot container, we determine the shipment-handling cost as the 
handling cost per truckload from i  to j  by mode k (denoted as jikH ).  
Insurance are premium paid to hedge against risk of loss in transit. Insurance cost 
increases with the value of freight but decreases with the reliability and speed of the 
transportation mode and the level of safety on routes. Generally, insurance cost kIS  
(expressed as a percentage of the freight value) varies according to mode k which is 
classified into land, ocean and air transport. Hence, the total cost for transportation of a 
40-foot container from i  to j  by mode k  can be expressed as: 
FVISTHIICFtTotal kijkijkijkijk ××+++=cos       (5.5) 
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5.1.2 Goal Programming Model 
Given the diversity of cost and service issues relating to various modes of 
transportation, the objective is to choose the best route to transport a full 40-foot 
container from a specified origin to a specified destination. The optimality of the chosen 
route depends on the relative priorities for (1) minimizing total distribution costs (i.e., 
transportation cost, handling cost, inventory cost and insurance cost); (2) minimizing 
total transit time (which will concurrently reduce inventory and insurance costs and 
alleviate stock-out); and (3) minimizing transit time variability (which is desirable for 
on-time delivery).  
We impose several assumptions to avoid unnecessary structural complications in 
our analysis that may obscure the important insights. First, we restrict attention to 
freight rate for point-to-point shipments of a full 40-foot container. For a minority of 
containers longer than 40 feet, the transportation cost is proportional to the volume 
shipped - an assumption validated in Bookbinder and Fox (1998). Second, we analyze 
the competitiveness of several routes from macroscopic view. In other words, we ignore 
the scheduling constraints and time window problem in our model but consider it as the 
transit time variability pertaining to a certain route. Third, we do not explicitly take into 
account the transportation capacity of each link in the model but incorporate the 
negative effects of inadequate capacity in the form of longer transit time. This is 
reasonable because links with limited transportation capacity may have long transit time 
due to possible congestions which weaken the competitiveness of the route as a whole. 
Fourth, the safety condition of each link in transportation is reflected by its transit time 
variability. Tough transportation conditions (for examples, dangerous accidents, traffic 
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jams, robbery crimes etc.) impose higher chances of delayed service. Similarly, 
cumbersome customs services also increase transit time variability when crossing 
national borders. Besides, poor port services or frequent mode transfer may lead to 
cargo damage and insufficient stock to meet the customer demands at the destination.  
In order to identify routes that will best meet the requirements under conflicting 
objectives and priorities, we define three deviational variables that measure the 
deviations from the lowest possible total distribution cost, transit time and variability. 
For the rest of this paper, we use the terms ‘origination node’ and ‘destination node’ to 
refer to the origins (i.e., Shanghai and Shenzhen) and destinations (i.e., Calcutta, New 
Delhi, Visakhapatnam and Mumbai) in the intermodal network, respectively. 
Meanwhile, we differentiate the ‘start node’ and ‘end node’ as the beginning and 
terminating nodes for each individual link within the routes in the network. For i  being 
the start node, j  being the end node with k  as the transportation mode, we introduce 
notations (classified into decision variables, index sets and parameters) used in our goal 
programming model as follows: 
Notations: 
Decision variables 
ijkx     Binary decision variable: 1, if mode k travels link ),( ji ; 0, otherwise 
1d       Positive deviational variable that represents total costs, in US dollar 
2d      Positive deviational variable that represents total variance of transit time 
3d      Positive deviational variable that represents total transit time 
Index sets 
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I        Set of all start nodes 
J        Set of all end nodes 
K        Set of all transportation modes 
O        Set of origination nodes 
D        Set of destination nodes 
OL      Set of nodes directly linked from origin 
LD     Set of nodes directly linked to destination 
Parameters 
1W        Weight determined by relative importance of lower costs 
2W       Weight determined by relative importance of less transit time variability 
3W       Weight determined by relative importance of less transit time 
ijkF      Freight rate from i  to j  by mode k  
ijkT     Transit time from i  to j  by mode k , expect value based on many carriers’ data 
FV     Freight value in a full 40-foot container 
IR       Inventory-holding cost rate in per month per dollar 
jikH    Shipment-handing cost from i  to j  by mode k  
kIS      Insurance cost rate by mode k , in per month per dollar 
ijkV      Transit time variance from i  to j  by mode k  
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Model
 
The objective function (5.6) minimizes the weighted sum of deviations from the 
lowest total distribution cost, lowest transit time variability and lowest transit time, with 
priorities represented by 1W , 2W  and 3W . Constraints (5.7)-(5.9) are referred to as goal 
constraints. Specifically, constraints (5.7), (5.8) and (5.9) minimize distribution costs, 
transit time variability and transit time respectively. Constraints (5.10)-(5.13) are the 
feasibility constraints. Constraint (5.10) ensures every origination node has only 1 
outflow. Constraint (5.11) ensures all feasible links to destination has only 1 input 
outflow. Constraint (5.12) ensures flow continuity for all the intermodal transit nodes 
such that inflows should equal to outflows for all the nodes except originations and 
Min 332211 dWdWdWZ ++=                                       (5.6) 
Subject to: 
∑∑∑
∈ ∈ ∈
=−⋅⋅+⋅⋅++
Ii
ijkkijk
Jj Kk
ijkijkijk dxISFVTIRFVTHF 0][ 1                            (5.7)
∑∑∑
∈ ∈ ∈
=−⋅
Ii Jj Kk
ijkijk dxV 02                                                                                     (5.8) 
∑∑∑
∈ ∈ ∈
=−⋅
Ii Jj Kk
ijkijk dxT 03                                                                                      (5.9)
1=∑∑
∈ ∈OLj Kk
ijkx        Oi∈                                                                                       (5.10)
1=∑∑
∈ ∈LDi Kk
ijkx         Dj∈                                                                                     (5.11)
∑∑∑∑
∈ ∈∈ ∈
=
Jj Km
hjm
Ii Kk
ihk xx          jih ≠≠ , OIh −∈                                               (5.12)
0=ijkx    if link ),( ji is not an available link or cannot travelled by mode k    (5.13)
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destinations. Constraint (5.13) rules out the infeasible links and defines the structure of 
the intermodal network. Decision maker may change 1W , 2W  and 3W  base on the 
various business policies and objectives, then solve out the optimal intermodal 
transportation scenario under their specified condition.  
The resulting computation complexity will hence depend on the number of 
transportation links and modes in the analysis. For a network with │L│ links and │K│ 
modes, one additional link and mode will increase the number of decision variables 
from │L│·│K│ to (│L│+1)(│K│+1). For a network with │O│ origin nodes, │D│ 
destination nodes and M total nodes (where the total number of nodes is the sum of the 
number of origin, intermediate and destination nodes), an additional origin or 
destination will expand the set of constraints in (5.10) or (5.11), while additional 
intermediate nodes will expand the set of constraints in (5.12). The associated cost, 
transit variability and time implications will affect the optimal solution in Z through the 
constraints in (5.7), (5.8) and (5.9) that seek to minimize the deviations in total cost 1d , 
transit variability 2d  and time 3d . With the advent of computer software, the 
intermodal freight transportation model can usually handle large scale network 
consisting of a few thousands of decision variables and a few hundreds of constraints 
with ease. 
5.2 Model Application and Scenarios Analysis  
The goal programming model is a mixed integer linear programming problem with 
157 variables (which include 37 integer decision variables) and 40 compatibility and 
flow continuity constraints. Base on the normalized data listed in Table 4.7, our model 
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was solved using Solver 2007 software on Pentium Dual Core T2060. Figure 5.3 
demonstrates the optimization model in Solver 2007. By focusing only on the non-zero 
elements in the matrix, the solution is reached in only 0.082 seconds. 
 
Figure 5.3 Model demonstration in Solver 2007 
We operated 8 cases to test the sensitivity and robustness of model solutions to the 
changes in various parameters. Each case has a specified origination node and 
destination node. Under each case, the competitiveness strengths of various routes (as a 
single direct link or some combinations of links beginning from the origination node 
and terminating at the destination node) are analyzed. The cost, transit time and 
variability of the links are given in Table 4.7 in the preceding section. To simplify 
description, we use abbreviations to denote place names and modes in Table 5.1.  
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Table 5.1 List of abbreviations used in representing links 
Entity Full name Abbreviation 
Shanghai SH 
Shenzhen SZ 
Mumbai MU 
New Delhi ND 
Visakhapatnam VIS 
Calcutta CA 
Singapore SG 
Kunming KU 
Lashio LA 
Yangon YA 
Phuket PH 
Suratthani SU 
Locations 
Akyab AK 
Ocean O 
Rail R 
Truck T Transport Modes 
Air A 
 
For example, SH-O-SG-O-MU means that the route starts from Shanghai, reaches 
Singapore by ocean and then proceeds to Mumbai by ocean. In addition, we investigate 
the possible influences of two important virtual routes (i.e., a canal crossing Thailand 
and a rail directly linking south China to north India) on the competitiveness of current 
routes. 
The setup of the analysis is as such: We consider a stand dry-freight container of 
40 feet may carry 25800 kilograms of computers or electronics goods with 67 cubic 
meters. A freight value ( FV ) of USD 500,000 and the inventory cost rate ( IR ) of 1% is 
assumed. According to P.A.F Cargo Insurance, the insurance rates ( kIS ) of land, ocean 
and air are 1.65%, 1.92% and 1.67% respectively.  
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The transit time of an entire intermodal route is assumed to follow a Beta 
distribution with a density function given as ),;( βαZB . Owing primarily to its 
versatility in defining the shape of the transit time distribution, the Beta distribution is a 
popular choice for modeling time distribution (for examples, Narayanan, 1992; Lin et 
al., 1997; and Li, 2009). Nonetheless, appropriate values for α and β are required in 
order to describe the Beta distribution. Accordingly, we will need to define a prior 
width parameter N (such that )2≥N  and a peak location parameter 0Z  for 10 0 ≤≤ Z  
as follows: 
0)2(1 ZN −+=α      )1( ≥α                                                (5.14) 
αβ −= N      )1( ≥β                                                     (5.15) 
Herein, N  is determined by the number of transportation modes used within a specific 
route. In other words, larger N  values correspond to larger number of links on a route. 
Utilizing the industry data, the minimum and maximum value of transit time on a route 
may be obtained on a conservative assumption that an additional 24 hours is required in 
every instance of a change in transportation mode (which includes loading/unloading as 
well as custom declaring and clearance). This assumption is logical following Kang et 
al. (2008) that unloading 230 containers in the Port of Balboa in the Panama Canal 
requires 6-12 hours. Given the lower and upper limit values, N  and the expected transit 
time on the route, the value of 0Z  can be determined as the best approximation to the 
Beta distribution. Subsequently, with the computed 0Z , α and β can be derived from 
equations (5.14) and (5.15). The transit time at the lower and upper 5 percentiles are 
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then computed and used as a basis for comparison of route competitiveness in terms of 
technical superiority and ability to meet customer delivery requirements. 
Sensitivity analyses shows that when 1W = 2W = 3W  (i.e., weights of cost, transit time 
variability and transit time) are set to 1, and transit time ijkT and transit time variance ijkV  
are held constant, the optimal route remains the same for all 8 cases if transportation 
freight rates ijkF  are increased or decreased by less than 500% (or cargo value FV , 
inventory cost rate IR and insurance rate kIS  less than 300%). Similarly, the optimal 
routes in the 8 cases are retained if transit time ijkT or transit time variance ijkV  changes 
by less than 200% with all the parameters relevant to cost remaining unchanged. 
Therefore, it is insured that the model can be applied to networks that possess 
significantly different costs, transit time and transit time variability. Based on the 
patterns of weights (scaled to reflect the varying priorities on short transit time, low cost 
and transit time variability) described earlier, we conduct a competitive analysis on 
existing routes offered in the industry and virtual routes that can be potentially 
developed in each of the following 8 cases. 
In the course of normalization, we found that the relative transit time for most links 
falls at the extreme ends. Specifically, there are many links that report very short transit 
times while a minority few report long transit time owing to the large differences in 
transit time by air and by truck (i.e., transit time by air is around 7 to 10 hours, whereas 
transit time by truck ranges between 108 and 480 hours for long distance link). In 
comparison, the cost differences among the links are less extreme. This translates into 
average normalized costs that are about 5 larger than the average normalized transit 
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time, and clustered in the middle of the spectrum.  While we are aware that a 
conventional method is to normalize the weights such that they will range from 0 to 1 
and sum up to 1, weights are also used for scaling effects when the units of 
measurement differ. Hence, we vary 1W , 2W and 3W  such that 1W =3, 2W =1 and 3W =1 if 
a strong emphasis is placed on low cost, 1W =1, 2W =1 and 3W =5 if emphasis is placed 
on short transit time and 1W =1, 2W =12 and 3W =1 if emphasis is on reliability. 
5.2.1 Case 1: Shanghai-Mumbai 
The total costs, transit time and minimum transit time of the 7 competing routes 
from Shanghai to Mumbai are summarized in Table 5.2. If cost control is the key 
concern, virtual route 6 (with total cost USD 1705, total time 212 hours), is optimal. 
Suppose a company aspires to offer superior service (i.e., short transit time is beneficial), 
then the optimized solution is route 4. Route 4 is also the optimal solution to a company 
that emphasizes on transportation reliability (i.e., less variability in transit time or just-
on-time transportation). Although route 4 cost about 30 times much as route 1 and 
virtual route 6, its total transit time is only 7.3 hours with transit time variability 0.8 
hours, which is about 1/40 of other routes. Therefore, route 4 is particularly suited for 
high value cargoes or products in dynamic and perishable markets where quick market 
launches and delivery are essential. As higher inventory and insurance costs are 
incurred for higher value cargoes, the speed advantage of air transportation may offset 
some of these costs.  
With the exception of virtual route 6, route 1, 2, 3 and 5 are almost comparably 
good for carriers emphasizing on cost control. Nonetheless, among these four routes, 
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route 3 requires the longest minimum transit time of 354 hours at a 5% probability.  
Despite crossing the narrow land part of Thailand to shorten the total transportation 
distance, route 3 still incur extra time, cost and uncertainty owing to the need to change 
modes twice. Hence, service providers (like the government, ports or carriers) of route 3 
may consider improving the highway’s transportation speed between SU and PH, 
enhancing  loading/unloading efficiency in the two ports or construct a canal linking SU 
and PH to improve the competitiveness of the route.  
Table 5.2 Competitive routes from Shanghai to Mumbai 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SH-O-SGP-O-MU 1896 415 323 530 
2 SH-R-KU-T-LA-R-YA-O-VIS-R-MU 2114 307 293 327 
3 SH-O-SU-T-PH-O-MU 2142 370 354 410 
4 SH-A-MU 74512 7.3 6.8 7.8 
5 SH-R-KU-T-LA-T-AK-O-VIS-R-MU 2059 313 295 336 
*6 SH-O-SU-O-PH-O-MU 1705 212 166 231 
*7 SH-R-CA-R-MU 3291 476 411 548 
* denotes virtual routes 
While routes 1, 2 and 5 are at least ‘technically’ on par with route 3 (as 
demonstrated in their ability to achieve a minimum transit time of 354 hours or less at a 
5 percentile level), route 1 offers the lowest freight rate in these four routes. Such 
observations lead to the inference that it is paramount for service providers of routes 2 
and 5 to either improve service conditions or take steps to reduce the associate cost. 
Some possible remedies to improve the competitiveness of these routes include the 
simplification of cross-border procedures or enhancement of service efficiency and 
transit speed. The latter may be achieved through the building of a rail that links 
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Kunming and Lashio. In doing so, Shanghai and Shenzhen can be directly linked to 
Yangon port which saves the time needed to change modes twice. Similarly, it has also 
become apparent that road conditions should be improved so as to promote the 
transportation speed on the bottleneck link from LA to AK in route 5.  
On the contrary, if a shipper wants to be 95% sure that his cargo will be 
transported to the intended destination within 410 hours, he can only choose among the 
routes 2,3,4 and 5 (and 6 if the virtual route is realized in future development). In other 
words, the advantage of a lower cost in route 1 needs to be weighed against its apparent 
disadvantage in transit time variability. 
5.2.2 Case 2: Shenzhen-Mumbai 
Table 5.3 summarized the routes from Shenzhen to Mumbai. Route 1 and virtual 
route 6 are the two most competitive routes that offer the lowest cost. Route 1 derives 
its cost competitiveness from the shorter transportation distance and transit time from 
Singapore to Shenzhen. However, route 1 is also inflicted with the highest variability as 
seen from the gap between its 95% and 5% probability threshold values. Where short 
transit time and high reliability take priority over cost, route 4 surpasses all other 
competing routes.  
Although there exists a certain degree of trade off between cost and transit time, as 
well as, cost and transit time reliability, it can also be noted that the competitiveness of 
routes 2 and 5 may be improved by enhancing road and traffic conditions (including the 
faster clearance when crossing border between China and Myanmar) so as to enable a 
higher truck transportation speed that reduces the transit time from Kunming to Lashio 
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and from Lashio to Akyab. Nonetheless, route 3 and virtual route 6 are relatively less 
competitive for the large transit time and transit time variability. 
Table 5.3 Competitive routes from Shenzhen to Mumbai 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SZ-O-SGP-O-MU 1539 278 229 325 
2 SZ-R-KU-T-LA-R-YA-O-VIS-R-MU 1976 283 253 319 
3 SZ-O-SU-T-PH-O-MU 2221 316 289 355 
4 SZ-A-MU 72670 7.3 6.2 8.6 
5 SZ-R-KU-T-LA-T-AK-O-VIS-R-MU 1921 289 259 330 
*6 SZ-O-SU-O-PH-O-MU 1699 158 116 210 
*7 SZ-R-CA-R-MU 3601 529 418 657 
* denotes virtual routes 
5.2.3 Case 3: Shenzhen-Calcutta 
Table 5.4 shows that route 5 and virtual route 6 are the optimal routes for speedy 
(and reliable) and low cost transportation between Shenzhen-Calcutta, respectively. 
Within the existing array of route choices, route 3 and route 2 represent the optimal and 
second best alternatives for cost minimization. At the lower 5 percentile level, the 
minimum required transit times for route 1, 2 and 3 ranges from 223 hours to 232 hours. 
If the shippers wish to transport their cargoes from Shenzhen to Calcutta in 268 hours or 
less with 95% certainty, they can choose from routes 1, 2 or 3. Among these eligible 
routes, route 3 costs least while route 2 uses the least expected transit time. 
From Shenzhen to Calcutta, the development of a virtual route 6 crossing Thailand 
canal may directly reduce at least 15% of the total cost and 30% of the total transit time. 
Especially for cargoes to east coast of India, this virtual canal brings along substantial 
gains owing to shorter transportation distance and the use of a single mode. In 
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comparison to route 1, transportation distance of route 2 is much shorter. Route 2 
further benefits from the fact that the link between Kunming and Lashio on route 2 is a 
highway with conducive road conditions, Lashio to Yangon is a reliable rail way, and 
the ocean way from Yangon to Calcutta only takes less than 48 hours. Although route 2 
changes modes several times, it still incurs less transportation cost and transit time than 
route 1. While it may be possible for route 1 to reduce the ocean transit time from 
Singapore to Calcutta by 48 hours and dominate route 2 (by offering the same total cost 
at a faster total transit time), large transit time variability may persist owing to the 
dynamic market demand. This time variability issue is further exacerbated by the fact 
that relatively few carriers offer sailings between Singapore to Calcutta, as compared to 
Mumbai. Conversely, virtual route 7 is less competitive for the large transit time and 
transit time variability. 
Table 5.4 Competitive routes from Shenzhen to Calcutta 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SZ-O-SGP-O-CA 1795 260 223 300 
2 SZ-R-KU-T-LA-R-YA-O-CA 1575 243 225 261 
3 SZ-R-KU-T-LA-T-AK-O-CA 1471 249 232 268 
4 SZ-O-SU-T-PH-O-CA 1825 300 281 314 
5 SZ-A-CA 79268 11.3 10 11.9 
*6 SZ-O-SU-O-PH-O-CA 1388 142 122 168 
*7 SZ-R-CA 3029 480 396 543 
* denotes virtual routes 
5.2.4 Case 4: Shanghai-Calcutta 
The competing routes running from Shanghai to Calcutta are illustrated in Table 
5.5. Virtual route 7 is dropped out from consideration given its high cost, long transit 
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time and low reliability. Disregarding virtual route 6, route 3 and route 5 are the optimal 
feasible routes for shippers that place priority on cost and transit time respectively.  
Table 5.5 Competitive routes from Shanghai to Calcutta 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SH-O-SGP-O-CA 1977 360 321 399 
2 SH-R-KU-T-LA-R-YA-O-CA 1713 267 235 306 
3 SH-R-KU-T-LA-T-AK-O-CA 1608 273 243 313 
4 SH-O-SU-T-PH-O-CA 2012 322 305 347 
5 SH-A-CA 84886 10 9.2 10.8 
*6 SH-O-SU-O-PH-O-CA 1575 164 144 186 
*7 SH-R-CA 2719 427 360 509 
* denotes virtual routes 
To the service providers, routes 2, 3 and 4 may be viewed as comparably good if 
the superiorities of routes are evaluated as their ability to achieve a transit time of 305 
hours at the lower 5% limit. The same perception is held by the shippers if they want to 
be 95% sure that their cargoes will be delivered within 347 hours. Route 1 is 
comparatively inferior owing to its higher cost and longer transit time. 
5.2.5 Case 5: Shenzhen-New Delhi 
Located on north inland of India, New Delhi being the center for politics, economy 
and culture, is an important destination for cargoes to India. Being a landlord state (i.e. 
there is no port in New Delhi itself), the two main routes to New Delhi are railway from 
Mumbai and railway from Calcutta. As shown in Table 5.6, excluding virtual route 7, 
the ocean route via Singapore and Mumbai (i.e., route 1) presents the greatest cost 
savings owing to the convenient ocean link from Shenzhen to Mumbai. Meanwhile, 
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route 5 by air is the optimal route for maximum reliability and minimum transportation 
time. Route 3 and 4 are intermodal routes to Calcutta and to New Delhi by truck and rail.  
Table 5.6 Competitive routes from Shenzhen to New Delhi 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SZ-O-SGP-O-MU-R-ND 1807 294 257 332 
2 SZ-O-SGP-O-CA-R-ND 2073 278 257 304 
3 SZ-R-KU-T-LA-R-YA-O-CA-R-ND 1853 285 270 296 
4 SZ-R-KU-T-LA-T-AK-O-CA-R-ND 1849 304 273 308 
5 SZ-A-ND 71054 10.7 8.9 11.9 
6 SZ-O-SU-T-PH-O-MU-R-ND 2223 340 307 387 
*7 SZ-O-SU-O-PH-O-CA-R-ND 1666 172 160 179 
*8 SZ-R-CA-R-ND 3307 498 412 555 
* denotes virtual routes 
The lower limit shows that routes 1, 2, 3 and 4 and virtual route 7 are able to attain 
a minimum transit time which is larger than 273 hours with a probability of 5% or 
higher. Of these routes, route 1 is more competitive on cost. Although route 1 performs 
slightly better on expected transit time than route 4 (which is the second cheapest 
feasible option), route 1 is less likely to be able to deliver within 308 hours at a 95% 
significance level. For shippers who are less price-sensitive but with more stringent 
requirements on transit times, route 3 may be a viable option.  Comparatively, route 2 
may be less attractive owing to its higher cost and transit time variability even though 
the expected transit time in route 2 is shorter. 
If virtual route 7 becomes a reality in future developments, shippers may be able to 
derive some time savings of 35% and cost savings of 10% on direct total cost by 
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utilizing virtual route 7 instead of route 1 based our assumed data. However, virtual 
route 8 is less competitive and presents no apparent advantages over the existing routes. 
5.2.6 Case 6: Shanghai-New Delhi 
Table 5.7 depicts the cost, transit time and reliability of existing and virtual routes 
from Shanghai to New Delhi. Congruent to intuition, route 5 (i.e., direct by air) is the 
optimal solution for freight that needs to be transported quickly with high reliability. 
More interestingly, contrary to findings in case 5, intermodal routes (i.e., route 3, 4 and 
7) offer lower cost and shorter transit time. In other words, intermodal transportation 
performs better than the single ocean transportation for cargoes originated in central 
part of China. To be more specific, the intermodal route 4 is the optimal route for 
shippers focusing on cost minimization, apart from virtual route 7. Route 4 is also one 
of the most reliable routes. Depending on the relative degrees of price and time 
sensitivities, shippers are likely to choose between routes 3 and 4.  
Table 5.7 Competitive routes from Shanghai to New Delhi 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SH-O-SGP-O-MU-R-ND 2164 431 361 513 
2 SH-O-SGP-O-CA-R-ND 2255 378 347 419 
3 SH-R-KU-T-LA-R-YA-O-CA-R-ND 1991 309 275 347 
4 SH-R-KU-T-LA-T-AK-O-CA-R-ND 1886 315 278 356 
5 SH-A-ND 72670 7.3 6.2 8.6 
6 SH-O-SU-T-PH-O-MU-R-ND 2410 386 365 438 
*7 SH-O-SU-O-PH-O-CA-R-ND 1853 182 167 198 
*8 SH-R-CA-R-ND 2997 445 395 491 
* denotes virtual routes 
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5.2.7 Case 7: Shanghai-Visakhapatnam 
Visakhapatnam is a port on southeast coast of India. The port has railways linking 
it to the capital city of Bangalore in the south, Mumbai in the west and Calcutta in the 
northeast. Routes from Shanghai to Visakhapatnam are listed in Table 5.8.  
Table 5.8 Competitive routes from Shanghai to Visakhapatnam 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SH-O-SGP-O-VIS 1745 320 257 389 
2 SH-R-KU-T-LA-R-YA-O-VIS 1713 267 235 306 
3 SH-O-SU-T-PH-O-VIS 1962 322 305 347 
4 SH-A-VIS 80115 10 9.2 10.8 
5 SH-R-KU-T-LA-T-AK-O-VIS 1658 273 243 313 
*6 SH-O-SU-O-PH-O-VIS 1525 164 144 186 
*7 SH-R-VIS 2890 436 370 522 
* denotes virtual routes 
Similar to the case of SH-CA, intermodal routes through Myanmar is the optimal 
route for shippers aiming at cost control. Route 5 is the best choice among existing 
routes and route 2 is the second best alternative. Such observation implies that for 
cargoes plying from central part of China to Visakhapatnam, intermodal transportation 
through Myanmar not only costs less in general but also is faster as compared to the 
single ocean way via Singapore. Putting cost considerations aside, route 4 would be the 
optimal solution due to the reliability and speed advantages of air transport.  
5.2.8 Case 8: Shenzhen-Visakhapatnam 
For the transportation of cargoes from Shenzhen in southern China to 
Visakhapatnam, the optimal route that minimizes cost is by ocean (i.e., route 1). While 
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this route may be very competitive for cargoes from Shenzhen to Visakhapatnam 
currently, it should aim to reduce at least 15% total costs and 35% transit time to 
preempt potential overtaking by the possible opening of virtual route 6 in the future. 
Nonetheless, given the topological conditions of the existing transportation, intermodal 
transportation in routes 2 and 5 (especially route 2) are still quite competitive. Routes 3 
and 7 are relatively inferior due to their higher cost and longer transit time. As in all the 
previous cases, route 4 by air is the optimal solution for shippers emphasizing reliability 
and transit time.  
Table 5.9 Competitive routes from Shenzhen to Visakhapatnam 
 Routes Total 
Cost 
Total 
Time 
Transit Time 
Variability 
  (USD) (hours) 5% lower 
limit 
5% upper 
limit 
1 SH-O-SGP-O-VIS 1509 250 223 285 
2 SH-R-KU-T-LA-R-YA-O-VIS 1515 243 225 261 
3 SH-O-SU-T-PH-O-VIS 1775 300 281 314 
4 SH-A-VIS 77115 10 9.2 10.8 
5 SH-R-KU-T-LA-T-AK-O-VIS 1521 249 233 268 
*6 SH-O-SU-O-PH-O-VIS 1338 142 122 168 
*7 SH-R-VIS 3200 489 417 547 
* denotes virtual routes 
5.3 The Effect of New Route Developments 
As observed in the analysis of the 8 scenarios above, routes involving the virtual 
canal which runs across Thailand and links SU and PH directly are highly competitive 
to the current optimal routes. By going through the virtual canal, shippers can save at 
least 10% of the total costs and 15% of the total transit time of the optimal existing 
routes. This virtual route has dramatic advantages over other routes, especially for 
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cargoes to the east coast of India and north inland (i.e. SH-CA, SZ-CA, SH-VIS, SZ-
VIS and SH-ND).  For cargoes to the west coast of India (SH-MU and SZ-MU), this 
virtual canal and other routes are almost comparably good. Nonetheless, the ultimate 
competitiveness of the proposed canal vis-à-vis existing optimal routes depends on the 
relative service levels on the virtual canal and intermodal transit nodes, such as the 
efficiency and performance of ports in question, the passing time of the canal etc. 
The realization of the virtual canal across Thailand will fundamentally change the 
current intermodal transportation pattern in Asia. With the opening of the canal, 
shippers transporting cargoes from China, Japan and Korea to Europe, east coast and 
north inland India, or oil vessels from Middle East to China, Japan and Korea may 
avoid the long transportation distance of the Malacca Straits or reduce the frequency of 
transport mode changes. At present, 80% of the oil imported by China, Japan and Korea 
is transported through the Malacca Straits. A canal across Thailand may, hence, also 
balance the energy security of these countries. In fact, a canal through Thailand, Kra 
Isthmus, has been proposed as early as 1677 by the Thai King Narai. Kra Isthmus is a 
narrow land bridge connecting the Malay Peninsula with the mainland of Asia that is 
only 44km at its minimum. The proposed canal is about 400m in width and 25m in 
depth, with length varying between 50 and 100 km depending on the route chosen. In 
2003, the Thailand government invited a Hong Kong based company to give a 
projection and evaluation on the viability of the project. The investigations indicate this 
project will cost about USD25 billions, take 10 years to complete, and create 30,000 
jobs. The completed canal may reduce 1200km of transportation distance and 2 to 5 
days of transit time for vessels from Pacific to Indian Ocean. Thus, an average voyage 
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may save USD300,000. Besides, the presence of a natural river that runs across Kra 
Isthmus and the non-mountainous platonic surrounding district provides further 
convenience to construct a canal. 
On the other hand, a direct rail linking China to India has reported poor 
competitiveness in our analysis owing to its large transit time and transit time variability. 
In 2006, China’s Qinghai-Tibet rail (i.e., a rail on world roof) is opened to serve the 
public. While the successful operations of this rail encourages the government to 
contemplate the building of a land bridge from China to South Asia, the high mountains 
in Tibet and at the China-India border, the many rivers in Bangladesh, complex borders 
of 5 nations (China, Myanmar, India, Nepal and Bangladesh) and political reasons pose 
significant obstacles to the construction of this railway. 
5.4 Summary 
This chapter proposed an intermodal freight optimization model to choose the best 
route to transport a 40-foot container from a specified origin to a specified destination. 
A cost model is presented to identify transportation cost, shipment-handling cost, in-
transit inventory cost and insurance cost. With these costs as inputs, a goal 
programming model is proposed to identify the optimal route based various objectives 
as cost control, transit time minimization and service reliability maximization. Flow 
continuity and transit nodes compatibility are the constraints in optimization. 
The goal programming model is applied to optimize routing problem of China-
Indian Ocean. The model is solved by spreadsheet and a sensitivity analysis of the 
modal is obtained. We propose 8 scenarios analysis, from Shanghai and Shenzhen to 
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New Delhi, Mumbai, Calcutta and Visakhapatnam respectively.  Based on the scenarios 
analysis, discussions of several non-dominated routes and the effects of the possible 
future transportation developments are presented. Model examination results revel the 
potential competitiveness of two virtual routes (canal crossing Thailand and railway 
directly linking China to India) and the possible influence to the current intermodal 
transportation pattern in Asia. 
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Chapter 6 Conclusion 
This thesis reviews maritime evolution and ports development in Asia. An 
applicable goal-programming model is proposed to optimize routing problem from 
China to Indian Ocean, taking into account the new set of opportunities and challenges 
for intermodal transportation in a complex geographical district. Results from this thesis 
are useful to shippers, service providers and public policy makers in three ways. First 
and foremost, the analysis provides valuable information for shippers with varying 
emphasis and objectives such as cost control, transit time cutting and transportation 
reliability to make a more informed routing choice. Second, findings provide applicable 
strategies for public policy makers and service providers to maintain or enhance their 
respective route competitiveness. Third, the insights provide forward analysis regarding 
the impact of possible transportation advancement on the competitiveness of existing 
transportation systems and transportation practices in China and Indian Ocean district. 
6.1 Implications of Major Findings 
Evolution of maritime trade and ports development over the centuries reveal that 
maritime industry has close relationship with business environment, strategic location, 
transportation evolution, and modernization of service and management. For each and 
every progression of hub port city or prosperous maritime trade regions, there is a 
presence of its unique advantages and a special bull history period. 
Shanghai and Shenzhen are identified as two typical origins in China, while, 
Mumbai, New Delhi, Calcutta and Visakhapatnam as four typical destinations in India. 
Based on comprehensive data sourced from industry, analyses conducted under 
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different scenarios highlight the following important aspects. First, transportation 
distance is not a crucial element in reducing total cost. Conversely, transit time is 
crucial, for inventory and insurance costs are highly significant factors for cost control.  
Second, several routes from China to Indian Ocean are potential competitors to one 
another. This is because they offer competitive alternatives to the current best option if 
be improved in travelling speed and reliability. Third, the intermodal routes through 
Myanmar seem to be most viable for cargoes from the central part of China to east coast 
of India and north inland part of India. Meanwhile, ocean route via Singapore is 
competitive for cargoes from southern China to west coast of India or north inland part 
of India. 
In terms of future development, a canal linking the east and west coast of southern 
Thailand presents the most significant threats to Singapore as it offers great potential 
advantages for intermodal transport from Indian Ocean to the Far East.  This additional 
canal may affect a very competitive routing choice that dominates all the other routes 
except air routes. It can be foreseen that the realization of a canal across Thailand may 
deeply change the current intermodal transportation pattern in Asia. Cargoes from 
China, Japan and Korea to Europe, east coast and north inland India, or oil vessels from 
Middle East to China, Japan and Korea may avoid the long transportation distance 
crossing the Malacca Straits or frequently changing modes. 
On the other hand, the competitiveness analysis conducted in this thesis indicates 
that a direct rail linking China to India reports poor competitiveness owing to its large 
transit time and transit time variability. The high mountains in Tibet and at the China-
India border, the many rivers in Bangladesh, complex borders of 5 nations (China, 
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Myanmar, India, Nepal and Bangladesh) and political reasons make the construction of 
this railway difficult. 
Overall, it is observed that the competitiveness tendencies of transportation 
between China and Indian Ocean arise from a dynamic and complex system such that 
efforts to increase efficiency on any one of the routes may have a propagating effect 
into the entire district. 
6.2 Potential Limitations 
Admittedly, the analysis in this paper is not without limitations owing to the 
assumptions made in the estimations of various cost and the setup of the intermodal 
network optimization model. Firstly, route competitiveness is analyzed for point-to-
point shipments of a full 40-foot container and no regard is made towards the quantity 
per shipment. This is justified upon the observations that the shipment size of each 
shipper is generally too small for him to receive quantity discount privileges. In 
additions, public policy makers are likely to be more interested to estimate the general 
route competitiveness on unit per se for purpose of strategic planning in infrastructure 
investments and network configuration. However, it should not be over-sighted that 
shippers can still benefit from possible economies of scale when couriers and carriers 
aggregate the demands from the individual shippers while countries benefit from 
positive spillover effect associated with the enhanced competitiveness of their inland 
transportations. Secondly, transportation cost is assumed to be linear with distance. 
While this assumption is particularly well-suited for the modeling of uni-modal 
transportation cost in the rail and trucking industries where competitive pricings and 
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service levels prevail, the cost for ocean and air transportation is an aggregate function 
of distance, quantity and freight cost per unit-quantity per unit-distance. To address this 
issue, cost data for ocean and air transportation are directly obtained from industry 
sources. Thirdly, the in-transit inventory cost is modeled as a product of transit time, 
cost rate and freight value. The fact that size and weight are not considered in the 
estimations represents a shortcoming because large or heavy cargoes tends to cost more 
than small or light cargoes  (even though the freight values may be the same). Fourthly, 
the model in Chiang and Roberts (1980) is used to estimate the unknown transit time by 
truck. As Chiang and Roberts had limited their analysis to industrial and private carriers 
of regular routes, the applicability of their model may be limited in the case where 
relationships between transportation distance and transit time are unclear. Finally, other 
assumptions related to the intermodal network optimization model pertain to the 
omissions of explicit scheduling and time window constraints in carriers’ operations, as 
well as, various transportation risks such as traffic accidents and congestions. Rather, 
their effects are pooled together as the total possible delays reflected in the form of high 
transit time variability. Such simplification is justified on grounds that the separations 
of delay impacts into individual causes may lend inject greater inaccuracies. 
6.3 Suggestions for Future Research 
Based on the international intermodal transportation network from China to Indian 
Ocean represented in this paper, the following three aspects offer some meaningful 
opportunities for future research: (i) analyzing route choices by taking a supply chain 
optimization approach for some specific cargo types; (ii) refining the proposed model to 
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include exogenous factors as free trade policies and foreign regulatory requirements; 
and (iii) proposing a distribution system in a large scale district that spans from China to 
India. 
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Appendix 
Appendix A Freight Rates of Ocean and Air Transport 
Table A-1 Ocean freight Charge and transport time of a general container from 
Shanghai to Singapore (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
SAMUD 7 120 340 
TSM 10 130 275 
EMI 10 150 300 
WHL 5 150 295 
RCL 5 160 340 
HBS 7 170 345 
UASC 2 170 340 
YML 7 170 340 
TSL 6 175 330 
EMI 7 175 325 
KMTC 8 190 360 
MOL 10 190 320 
CSCL 7 220 435 
IRISL 7 225 445 
BEN 4 280 540 
KKK 7 250 500 
PUHAI 5 355 715 
PIL 5 380 735 
OOCL 4 385 765 
HJS 12 405 755 
APL 9 445 860 
PANO 4 470 940 
SINKO 6 500 1000 
MSK 7 530 975 
COSCO 8 600 1200 
Average 6.8 279.8($) 551($) 
Standard Deviation 2.3 143.9($) 276.9 ($) 
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Table A-2 Ocean freight Charge and transport time of a general container from 
Shenzhen to Singapore (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
WHL 3 220 420 
YML 3 230 480 
MSK 2 220 440 
PIL 3 270 480 
COSCO 3 290 430 
OOCL 3 290 520 
CSCL 4 390 571 
Average 3.0 days 272.9($) 477.3($) 
Standard Deviation 0.6 days 60.2($) 54.1($) 
 
Table A-3 Ocean freight Charge and transport time of a general container from 
Shanghai to Mumbai (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
APL 18 800 1400 
RCL 19 550 1000 
EMI 18 525 1000 
WHL 19 550 1050 
COSCO 19 625 1150 
TSL 13 620 1040 
IRISL 19 650 1150 
EMC 24 670 1250 
CMA 13 600 1100 
MOL 16 500 800 
KMTC 15 645 1190 
HMM 13 600 1200 
SCI 14 575 1050 
HJS 19 550 1010 
CSAV 15 650 1100 
MSC 16 805 1450 
HLC 16 600 1200 
MSK 16 500 1000 
YML 15 590 1180 
HBS 16 515 906 
PIL 18 550 1000 
UASC 21 550 1050 
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ZIM 19 770 1340 
NCL 19 840 1026 
OOCL 18 630 1010 
SAMUD 18 670 1190 
CNC 23 700 1300 
PANO 18 720 1240 
ANL 16 750 1400 
DNS 18 600 1200 
NYK 15 650 1200 
KKK 18 700 1400 
Average 17.3 632($) 1143($) 
Standard Deviation 2.6 91($) 155($) 
 
Table A-4 Ocean freight Charge and transport time of a general container from 
Shanghai to Calcutta (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
HUB 14 650 1300 
ANL 15 750 1500 
HMM 15 650 1300 
HJS 14 700 1400 
YML 16 600 1200 
MOL 15 700 1400 
OOCL 15 800 1600 
ZIM 16 700 1300 
NCL 15 650 1300 
CMA 17 550 1100 
EMI 13 750 1300 
SAMUD 15 750 1500 
PIL 14 700 1400 
MSK 17 650 1300 
IRISL 15 600 1200 
APL 16 550 1100 
HUB 14 650 1300 
COSCO 15 750 1400 
TSL 13 600 1200 
EMC 16 600 1200 
Average 15 677 1315($) 
Standard Deviations 1.1 71 131($) 
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Table A-5 Ocean freight Charge and transport time of a general container from 
Shenzhen to Calcutta (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
IRISL 10 600 1100 
HUB 12 630 1200 
MSK 13 680 1300 
ZIM 12 650 1300 
OOCL 11 650 1300 
APL 11 800 1500 
CMA 11 600 1200 
NYK 10 700 1300 
EMC 9 700 1400 
PIL 9 700 1400 
Average 10.8 671($) 1300($) 
Standard Deviation 1.3 60($) 116($) 
 
 
Table A-6 Ocean freight Charge and transport time of a general container from 
Shenzhen to Mumbai (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
IRISL 10 600 1000 
PANO 9 520 900 
SYMS 10 550 890 
GSL 10 540 990 
CMA 11 800 1400 
ZIM 10 750 1300 
EMC 11 550 1050 
HJS 10 530 1030 
COSCO 14 850 1300 
CLS 14 761 1292 
EMI 13 550 900 
MOL 11 450 880 
CSCL 10 610 800 
CNC 10 600 1000 
KMTC 11 580 1050 
ANL 12 550 1050 
CCNI 13 550 980 
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YML 13 550 1000 
TSL 12 500 900 
APL 14 620 1100 
WHL 10 375 700 
NCL 10 450 800 
Average 11.3 583.5($) 1014.2($) 
Standard Deviation 1.6 115.7($) 178.1($) 
 
Table A-7 Ocean freight Charge and transport time of a general container from 
Shanghai to Visakhapatnam (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
MSK 13 550 1100 
MOL 14 600 1150 
YML 13 600 1200 
Average 13.3 583($) 1150($) 
Standard Deviation 0.6 29($) 50($) 
 
Table A-8 Ocean freight Charge and transport time of a general container from 
Shenzhen to Visakhapatnam (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
MSK 10 550 1100 
 
Table A-9 Ocean freight Charge and transport time of a general container from 
Shenzhen to Suratthani (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
KMTC 3 280 400 
APL 4 250 450 
WHL 5 230 430 
CSCL 3 250 380 
RCL 3 260 450 
OOCL 3 250 500 
NYK 3 330 510 
CNC 4 250 470 
 
 
137
YML 4 250 450 
UASC 3 260 510 
HAL 4 250 450 
EMC 3 250 450 
COSCO 3 200 400 
Average 3.5 255($) 450($) 
Standard Deviation 0.7 29($) 41($) 
 
Table A-10 Ocean freight Charge and transport time of a general container from 
Shanghai to Suratthani (12/22/2008-12/28/2008) 
Carriers Time (day) Freight charge ($) of 20 feet 
Freight charge ($) 
of 40 feet 
KMTC 4 300 500 
APL 5 300 650 
WHL 5 300 600 
CSCL 4 330 575 
OOCL 4 300 600 
NYK 4 320 640 
CNC 4 300 650 
KKK 5 300 600 
TAL 6 300 550 
MSK 4 250 500 
CMA 4 300 500 
HMM 4 350 600 
TSL 5 350 650 
IRISL 4 350 700 
YML 5 300 600 
ZIM 5 350 700 
MISC 4 300 550 
HJS 5 380 750 
EMC 4 300 600 
SINKO 5 300 500 
UASC 4 340 620 
MOL 4 340 580 
HASCO 4 305 610 
PANO 4 310 620 
Average 4.4 316($) 602($) 
Standard Deviation 0.6 28($) 65($) 
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Table A-11 Air freight Charge and transport time a general container from Shanghai 
to Mumbai (12/22/2008-12/28/2008)* 
Carriers Time (hours)
Freight 
charge ($) of 
20 feet 
Freight 
charge ($) of 
40 feet 
Freight rate 
($/kilogram)
EK 9 52700 62657 2.43 
HC 10 71300 84771 3.29 
LT 8 58900 70029 2.71 
SHEY 7 52080 61920 2.40 
YC 7 75950 90300 3.50 
EY 7 58900 70029 2.71 
JX 7 57350 68186 2.64 
XF 7 56730 67449 2.61 
YMH 7 81220 96566 3.74 
RF 7 57350 68186 2.64 
JH 7 54250 64500 2.50 
LT 7 54250 64500 2.50 
GX 7 74400 88457 3.43 
LC 7 55180 65606 2.54 
JD 7 63550 75557 2.93 
WD 7 60450 71871 2.79 
ZF 7 60450 71871 2.79 
JST 7 63550 75557 2.93 
BH 7 65100 77400 3.00 
HY 7 60450 71871 2.79 
KK 7 62000 73714 2.86 
ZH 7 80600 95829 3.71 
Average 7.3 62578($) 74401($)  
Standard Deviation 0.8 8746($) 10398($)  
* The average payload of a 20 feet and 40 feet container is 21700 kilograms and 25800 
kilograms respectively.  
 
Table A-12 Air freight Charge and transport time a general container from Shanghai 
to New Delhi (12/22/2008-12/28/2008)* 
Carriers Time (hours) 
Freight charge 
($) of 20 feet 
Freight charge 
($) of 40 feet 
Freight rate 
($/kilogram)
EY 10 84320 100251 3.89 
LC 9 55180 65606 2.54 
HC 10 57350 68186 2.64 
YW 11 71300 84771 3.29 
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JD 8 58900 70029 2.71 
YST 8 63550 75557 2.93 
WD 8 65100 77400 3.00 
HY 8 69750 82929 3.21 
KK 9 58900 70029 2.71 
HD 8 58900 70029 2.71 
HT 8 46500 55286 2.14 
Average 8.8 62705($) 74552($)  
Standard 
Deviation 1.1 9942($) 11821($)  
* The average payload of a 20 feet and 40 feet container is 21700 kilograms and 25800 
kilograms respectively.  
 
 
Table A-13 Air freight Charge and transport time a general container from Shanghai 
to Calcutta (12/22/2008-12/28/2008)* 
Carriers Time (hours) 
Freight charge 
($) of 20 feet 
Freight charge 
($) of 40 feet 
Freight rate 
($/kilogram)
HC 10 63550 75557 2.93 
HY 11 68200 81086 3.14 
WD 10 79050 93986 3.64 
KK 9 74400 88457 3.43 
Average 10 71300($) 84771($)  
Standard 
Deviation 0.8 6815($) 8103($)  
* The average payload of a 20 feet and 40 feet container is 21700 kilograms and 25800 
kilograms respectively.  
 
 
Table A-14 Air freight Charge and transport time a general container from Shenzhen 
to Mumbai (12/22/2008-12/28/2008)* 
Carriers Time (hours) 
Freight charge 
($) of 20 feet 
Freight charge 
($) of 40 feet 
Freight rate 
($/kilogram)
ZJ 7 65100 77400 3.00 
HY 7 54250 64500 2.50 
YB 8 71300 84771 3.29 
YO 7 55800 66343 2.57 
SL 7 59520 70766 2.74 
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ZP 7 58280 69291 2.69 
HQ 8 65100 77400 3.00 
HW 7 51150 60814 2.36 
HM 8 62000 73714 2.86 
HX 8 52700 62657 2.43 
PZ 8 60760 72240 2.80 
YF 7 68200 81086 3.14 
ZH 7 80600 95829 3.71 
DF 7 54870 65237 2.53 
DFTR 7 55800 66343 2.57 
Average 7.3 61029($) 72559($)  
Standard Deviation 0.5 7971($) 9477($)  
* The average payload of a 20 feet and 40 feet container is 21700 kilograms and 25800 
kilograms respectively.  
 
 
Table A-15 Air freight Charge and transport time a general container from Shenzhen 
to New Delhi (12/22/2008-12/28/2008)* 
Carriers Time (hours) 
Freight charge 
($) of 20 feet 
Freight charge 
($) of 40 feet 
Freight rate 
($/kilogram)
ZJ 12 65100 77400 3.00 
HY 11 54250 64500 2.50 
ZP 12 58280 69291 2.69 
HQ 10 56420 67080 2.60 
HX 11 52700 62657 2.43 
ZH 11 80600 95829 3.71 
DF 11 54870 65237 2.53 
DFTR 10 55800 66343 2.57 
SL 11 62930 74820 2.90 
HQ 12 65100 77400 3.00 
YB 11 93620 111309 4.31 
BW 10 49600 58971 2.29 
DFLG 9 49600 58971 2.29 
JS 10 48050 57129 2.21 
SHGJ 10 48050 57129 2.21 
Average 10.7 59665($) 70938($)  
Standard Deviation 0.9 12710($) 15111($)  
* The average payload of a 20 feet and 40 feet container is 21700 kilograms and 25800 
kilograms respectively.  
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Table A-16 Air freight Charge and transport time a general container from Shenzhen 
to Calcutta (12/22/2008-12/28/2008)* 
Carriers Time (hours) 
Freight charge 
($) of 20 feet 
Freight charge 
($) of 40 feet 
Freight rate 
($/kilogram)
ZP 12 67580 80349 3.11 
HQ 12 68200 81086 3.14 
PC 10 66960 79611 3.09 
DFTY 11 63550 75557 2.93 
Average 11.3 66573($) 79151($)  
Standard 
Deviation 1.0 2078($) 2470($)  
* The average payload of a 20 feet and 40 feet container is 21700 kilograms and 25800 
kilograms respectively.  
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